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A B S T R A C T
Nine r ice  f ie ld  s i t e s  were s tud ied  during 1 9 6 3  and four during the  1 9 6 4  
growing s e a s o n  to t e s t  the  h y p o th e s i s  t h a t  m etabo l ic  fa tty  a c i d s  produced by 
Clost rid ium s p .  were  an t ib io t ic  to nem atodes  under  fie ld  c o n d i t io n s .  V a r ia b le s  
m easu red  in soil s am p le s  inc luded  organic  carbon  to ta l  n i t rogen ,  fa tty  a c i d s ,  
hydrogen su l f id e ,  and  popu la t io n s  of nem atodes  and  anae rob ic  spore forming 
b a c t e r i a .  T he  r e s u l t s  showed th a t  the  key fac to r  in the  reduc t ion  of nematode 
p o p u la t io n s ,  p o s tu la te d  for m ix tures  of fa tty  a c i d s ,  i*s hydrogen su l f ide .
F a t t y  ac id  a n a l y s e s  of soil s am p le s  removed from r ice  f i e ld s  during the  
1 9 6 3  growing s e a s o n  ind ica ted  th e  p r e s e n c e  of a c e t i c ,  propionic  and  butyric 
a c i d s .  P e a k  c o n c e n t r a t i o n s  of the  a c id s  o ccu r red  immedia te ly  af te r  f looding 
and  aga in  la te r  in the  sea so n ;  in both c a s e s  t h e s e  v a lu e s  d e c l in ed .  A ce t ic  
a c id  w a s  the  m os t  abundan t  ac id  in th e  s am p les  fo llowed in order  by propionic  
and  butyric a c i d s .  F lood  w a te r s  c o n ta in ed  th e  th ree  a c i d s  a t  volume c o n c e n ­
t r a t io n s  approximating 1 / 1 5  of t h o s e  in the  s o i l . Butyric and  propionic  a c i d s  
d i s ap p e a re d  from r ice  f ie ld  s o i l s  when added  to them; a c e t i c  a c id  c o n c e n t r a t io n s  
a l so  d e c r e a s e d  but to a  l e s s e r  e x t e n t .  T h i s  in d i c a t e s  a  p o s s ib le  t ransformat ion  
of the  h eav ie r  a c i d s  into ace t i c  a c id  through th e i r  u t i l i z a t io n  by soil m icro­
o rg a n i s m s .  Formic  ac id  w a s  a b s e n t  in all r ice  f ie ld  s a m p le s .
A dd i t io n s  of corn meal to r ice  s o i l s  in g reenhouse  s tu d ie s  produced  
in c re a s e d  am ounts  of butyric and propionic  a c id s ;  the i r  combined v a lu e s
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in c reased  exponen t ia l ly  throughout  the  t e s t  and th i s  in c rease  w as  re la ted  
inve rse ly  to the  to ta l  number of nem atodes  at  each  sampl ing.
Nematode popula t ions  in fie ld  p lo ts  d e c r e a se d  p rog res s ive ly  after 
f looding. The pe rcen tage  d e c r e a se  of p lan t  p a ras i t i c  nematodes  w as  s ig n i ­
ficant ly  g rea te r  than tha t  of all nematodes  com bined .  Laboratory  and f ie ld  
d a ta  demonstrated  tha t  the  d e c rea se  in nematode numbers w a s  not re la ted  to 
the  acid  concen t ra t ions  in the  1 9 6 3  fie ld  p lo t s .
Hydrogen sulf ide  proved to be toxic  to nematodes  in the  labora tory  at  
co ncen t ra t ions  eq u iva len t  to t h o s e  in r ice  f i e ld s .  A marked inverse  re la t ion ­
ship w as  obta ined in the 1 9 6 4  s ea so n  be tween nematode numbers  and the 
con t inuous  inc rease  of hydrogen sulfide concen t ra t ions  in r ice  f i e ld s  a s  the 
s e a s o n  p rog res sed .
Labora tory  s tu d ie s  of oxygen concen t ra t ions  in the  rice  root zone demon­
s t ra ted  th a t  oxygen i s  p re sen t  in the soil at  all root- inhabi t ing  dep ths  through 
the  s e a s o n .  Combined ev idence  in d ic a te s  tha t  oxygen m akes  it p o s s ib le  for 
nematodes  and other aerobic  organ isms  to inhabi t  the  rice  root zone  in so i l s  
submerged under w a ter  and th a t  th i s  g a s  exer t s  a  d e p re s s iv e  e f fec t  a g a in s t  soil 
a n a e ro b e s ,  other  than  Desulfovibrio  s p .  in r ice  f i e ld s .
INTRODUCTION
The  soil i s  a  complex matrix in which a  varie ty  of p r o c e s s e s  are c o n ­
t inuous ly  tak ing  p la ce  in such a  manner tha t  a  ce r ta in  degree  of equil ibrium 
is  m ain ta ined .  C onseq u en t ly ,  a  ch an g e ,  however s l igh t ,  in the  soil sys tem 
r e s u l t s  in a reorgan iza t ion  of i t s  component p a r t s  to e s t a b l i s h  a  new equil ib rium. 
The  varia tion will in most c a s e s  be proportional to the  magni tude of the  change .
When an ae ra ted  soil i s  f looded ,  a s  in a  r ice  f i e ld ,  there  o c cu r s  a  r e a d ­
jus tm ent  of component p r o c e s s e s  c a u s e d  by the  rep lacement  of air  by w a te r .  It 
i s  ev iden t  tha t  t h e  formation of new equi l ib r ia  will be b a s e d ,  a t  l e a s t  to some 
e x t e n t ,  on new p r o c e s s e s ,  typ ical  of more reduced  environments  re su l t ing  from 
a shortage  of oxygen .
The formation of fac tors  an t ib io t ic  to nem atodes  in rice  f i e ld s  ( 1 9 ,  2 6 )  
is  part  of the  overall  reshaping  of the  soil after  f looding. Only th o s e  organ ism s  
capab le  of developing under submerged cond i t ions  remain in the  so i l .
The s ty le t  nematode (Tylenchorhynchus  martini F ie ld ing  1 9 5 6 )  w a s  shown 
by J o h n s to n  ( 2 8 ,  2 9 )  to be inac t iva ted  by fa tty  a c id s  produced by a s p e c i e s  of 
Clostridium under labora tory  c o n d i t io n s .  A number of anae rob ic  bac te r ia  are 
known to produce fa tty  a c id s  a s  metabolic  end products  (7 ) .  T he  ques t ion  
in v es t ig a ted  in th i s  work w as  to a s ce r ta in  the i r  importance in the  rice  field 
complex ,  in re la t ion  to nem atodes ,  i . e . ,  were  fa tty  a c id s  produced by bac te r ia  
in rice  f i e ld s  in suf f ic ien t  co ncen t ra t ions  to kill n em a to d es?  and if so ,  for how
long were the  fat ty  a c id s  p re sen t  in rice  f i e l d s ?  T h e s e  q u e s t io n s  were 
answered  and  a s  a re su l t  a new component of the  submerged soil equi l ibrium, 
hydrogen su l f ide ,  w a s  connec ted  with the  dec l ine  of nematodes  ( 5 1 ,  5 2 ) .
The  oxygen con ten t  of the  rice  root zone ( 5 0 ,  7 6 )  w a s  in ves t iga ted  in an 
a ttempt to answ er  q u e s t io n s  re la ted  to a p o s s ib le  e f fec t  of lack of oxygen around 
rice  roo ts  on survival of nematodes  in r ice  f ie lds  ( 5 2 ) .
The  d iscovery  tha t  hydrogen sulfide  is  a  nemat ic idal  agent  in rice  f ie lds  
opens  a new area  of r e s ea rc h ,  deal ing with the  role p layed by su lfa te  and iron 
reducing b a c te r i a ,  not only in re la t ion  to nem atodes ,  but a lso  in connec t ion  with 
phys io logical  d i s e a s e s  of r ice  and the improvement of cultural  p r a c t i c e s  in the  
broadest  s e n s e .
HISTORICAL REVIEW
I. Reduct ion  of Nematode P o p u la t i o n s  in Submerged S o i l s
Reduc t ion  of nematode popu la t ions  in w a te r - s a t u r a t e d  s o i l s  is  an old 
phenomenon but an unders tand ing  of the  m ech an ism s  involved h a s  been l a ck in g .
In 1 9 1 1 ,  B e s s e y  (6) o bse rved  in th e  S o u th e a s t e rn  U . S . A .  th a t  f looding r e ­
duced  th e  amount of damage due to nem atodes  and recommended th a t  land be 
f looded for a t  l e a s t  t w e n t y - f i v e  d a y s .  F r a n d s e n  t ! 3 )  conc lu d ed  in 1 9 1 6  tha t  
a t  l e a s t  th re ' '  months  submergence  would  be needed  to make  the  method e f fe c t iv e .  
W atso n  ( 7 9 )  in 1 9 2 1  w a s  op t im is t ic  about  f looding a s  a  m eans  of contro l l ing  
root know (Meloidogyne s p . )  in F l o r i d a .  P e r h a p s  th e  f i r s t  o b se rv a t io n s  on th e  
d ec l ine  in nematode  popu la t ions  in r ice  f i e ld s  were  t h o s e  of Imamura ( 2 4 ) ,  who 
repor ted  a  reduc t ion  in the  number of nem atodes  with flooding in th e  paddy f ie ld s  
of J a p a n .  T h i s  worker made s tu d i e s  on th e  nematode s p e c i e s  of r ice  f i e ld s  and 
no t iced  th a t  some of them were  more d r a s t i c a l ly  a f fec ted  than  o thers  by flooding . 
The  reac t ion  of nematode s p e c i e s  to f lu c tu a t io n s  in soil w a ter  has  been s tud ied  
in some c a s e s  qui te  e x t e n s iv e ly .  W a l l a c e  ( 7 8 )  noted  tha t  most s p e c i e s  of 
nem atodes  were  a d v e r se ly  a f fec ted  by high soil m ois tu re  but th a t  so m e ,  l ike  
R adopho lus  oryzae  (v.  Breda de H aan ,  1 9 0 2 ) ,  F i l i p j e v ,  1 9 3 6 ,  inhab i t  paddy 
f ie ld s  w here  th e y  were p a ra s i t i c  on r ic e .
H o l l i s  and  F ie ld ing  ( 2 0 )  repor ted  a  corre la t ion  between f lu c tu a t io n s  in 
popu la t ions  of T .  martini  and soil m ois tu re  c h a n g e s  produced by in te rmit ten t
f lood ing .  High numbers  occurred  in Crowley s i l t  loam r ice  p lo ts  t h a t  had  not 
been flooded with  w a te r  and  low numbers occur red  in p lo t s  t h a t  had  been f looded .
The  drop in nematode p o p u la t io n s  c o n se q u e n t  with flooding had been 
o b se rv ed  repea ted ly  and it w a s  commonly a s su m e d  th a t  anae rob ic  co n d i t io n s  in 
the  soil ( 1 3 ) ,  and ex h au s t io n  of the  nem ato d es  due to  i n c re a s e d  a c t iv i ty  in w a te r  
(8 )  or drowning ( 2 4 )  a cco u n ted  for such r e d u c t io n s .  In the  l ight of t h e s e  th e o r ie s  
th e  p o s s ib i l i ty  of nematode death  through a  lack  of oxygen  in the  submerged 
environment would  be of primary im por tance .
In 1 9 5 4 ,  F e l d m e s s e r  (9) s tud ied  the  e f fec t  of  a l te red  oxygen t e n s i o n s  on 
c e r ta in  p l a n t - p a r a s i t i c  and soil inhabi t ing  n e m a to d e s .  He reported th a t  s p e c i e s  
of A p h e le n c h o id e s ,  He te rodera ,  M e lo id o g y n e , and R h a b d i t i s , whi le  exh ib i t ing  a 
p ro g res s iv e  l o s s  of moti l i ty  upon removal of  o x y g e n ,  r ecovered  invar iab ly  m inu te s  
a f te r  they  were re turned  to normal co n d i t io n s  of a e ra t io n .  More r e c e n t ly ,  Van 
Gundy,  S to lzy  and coworkers  ( 5 8 ,  7 4 ,  7 5 )  c o n d u c ted  labora to ry  t e s t s  to d e t e r ­
mine the  e f fec t  of  low oxygen t e n s i o n s  in soil on ro o t -k n o t  n em atodes  and o ther  
s p e c i e s .  T h e s e  workers  were ab le  to  show a d i rec t  r e l a t io n sh ip  between d e ­
c r e a s in g  oxygen c o n ce n t ra t io n s  in soil and survival of th e  nematode  s p e c i e s  
t e s t e d .  T h e s e  t e s t s ,  however ,  were  performed in soil which could  in troduce  
o ther  v a r ia b le s ;  a t  low oxygen t e n s i o n s  p o p u la t io n s  of  anae rob ic  microorgan isms  
quick ly  develop  in w e t  soil and th e i r  metabo l ic  p roduc ts  could  be tox ic  to 
n em atodes  ( 7 5 ,  8 1 ) .
T he  problem of f luc tua t ion  in T .  martini p o p u la t io n s  ( 2 0 )  w a s  ta k en  to the  
l abora tory  by Holl is  and J o h n s to n  ( 1 9 ) .  They  o b s e r v ed  th a t  r e s u l t s  s im ilar  to
t h o s e  o bse rved  in f ie ld  sam ples  could  be ob ta ined  under  labora tory  co n d i t io n s  by 
submerging Crowley s o i l .  T_. martini were  incuba ted  in s t e r i l i z e d  m o is t  s o i l ,  
n o n s te r i l i z ed  m ois t  s o i l ,  s t e r i l i z e d  w a te r  s a tu ra ted  soil and  n o n s te r i l i z ed  w a ter  
s a tu ra te d  s o i l .  C o n s i s t e n t ly  lower survival occur red  in th e  n o n s te r i l i z e d  w ater  
s a tu r a te d  so i l .  Microbial  ac t ion  a g a in s t  nem atodes  w a s  dem ons t ra t ed .
J o h n s to n  ( 2 7 )  found the  optimum le v e l s  of mois tu re  in soil for the  survival 
of T .  martini lay between 4 0  and 6 0  per c e n t  of f ie ld  c a p a c i ty  and  th e  survival 
w a s  lo w es t  a t  1 1  per c e n t  of f ie ld  c a p a c i ty  and a t  s a tu r a t i o n .  S in c e  low es t  
surv ival c o n s i s t e n t l y  occur red  a t  submerged l e v e l s ,  the  p o s s ib i l i t y  of t h e  ac t ion  
of an anae rob ic  organism or o rgan ism s  w a s  e m p h a s iz e d .  In ano ther  p ap e r ,  
J o h n s to n  ( 2 6 )  w a s  ab le  to  show th a t  reduc t ion  of nem ato d es  w a s  g rea te r  in non­
s t e r i l i z e d  soil w ithout oxygen than  in s te r i l i z e d  soil w ithout oxygen .  He c o n ­
c lu d ed  th a t  w ha teve r  the  mechanism contro l l ing  nematode red u c t io n ,  it w a s  
favored by anaerob ic  co n d i t io n s  and th a t  the  lack  of oxygen w as  not th e  c a u s e  
of such popula t ion  r e d u c t io n s .  T h i s  r e s u l t e d  in th e  i so la t io n  of a  s p e c i e s  of 
Clost rid ium which produced a  s u b s t a n c e  tox ic  to T .  martini when in cu b a ted  in 
a r t i f i c ia l  cu l tu re  f lu i d s .  The s p e c i e s  of Clost rid ium w a s  iden t i f ied  a s  C J . 
butyr icum, P r a z m o w s k i ,  1 8 8 0 .  The  e f fec t  of t h i s  bacterium on p o p u la t io n s  
of T .  martini  w a s  s tu d ied  by J o h n s to n  ( 2 8 ) ,  who found th a t  when the  nematode  
w a s  in t roduced  into s t e r i l i z e d  soil  en r ich ed  with corn meal in the  p r e s e n c e  of C l . 
butyricum i t s  popula t ion  w as  s ign i f ic an t ly  d e c r e a s e d  a f te r  3  days  incubat ion  and 
w a s  repor ted  to  be nil a f te r  6  days  incuba t ion .  A n a ly s i s  of cu l tu re  f i l t r a t e s  
r e v e a le d  the  p r e s e n c e  of formic ,  a c e t i c ,  p rop ion ic ,  and butyric a c i d s ,  all of
6which were  found to be toxic  to T .  m a r t in i . Inactivat ion of the  nematodes  by a 
mixture of the  4  a c id s  a t  concen t ra t ions  found in the  culture  f i l t r a te s  occurred 
1 2  hours  after in it ia l  exposure  but the  individual a c id s  required a  longer period 
of t ime to  inac t iva te  the  nem atodes .  A s tudy on the  e f f e c t iv en e s s  of mixtures  of 
the  4  a c id s  on the  nematodes  at  the  concen t ra t ions  found in culture  f i l t ra tes  
showed th a t  any combinat ion conta in ing  butyric acid  w a s  e f fec t ive  ( 2 9 ) .  The 
ac t ion  of some fatty  ac id s  a g a in s t  nematodes  had been previous ly  studied by 
Tar jan  ( 7 0 ,  7 1 ) ,  who found tha t  butyric a c id  w a s  ac t ive  a g a in s t  nematodes  but 
t h a t  not all nem atodes  re sponded  a l ike  when exposed  to  water  so lu t ions  of th i s  
a c id .
J o h n s t o n ' s  s tu d ie s  ind ica ted  a p o s s ib le  exp lana t ion  for the  nematode 
dec l ine  observed in rice  f ie lds ;  however,  it  w a s  n e ce s sa ry  to corroborate h i s  
r e s u l t s  under actual  f ield cond i t ions .  To confirm his  f indings  it w a s  n eces sa ry  
to determine the  k inds  and amounts of t h e s e  a c id s  normally found in rice f i e ld s ,  
the  amount of t ime th a t  t h e se  a c id s  remained in the  field a s  the  sea so n  advanced ,  
and  to determine the  nematocidal e f fec t  of the  a c id s  a t  f ie ld  co n cen t ra t io n s .  This  
information could then  be checked  a g a in s t  nematode coun ts  in the  fie ld  through 
the  s e a s o n .
II.  F a t ty  Acids  in S o i l s :  The ir  Kinds and Amounts
T he  lower fa t ty  a c id s  are  c h a rac te r i s t i c  metabolic  end -p roduc ts  of the  
anaerob ic  decomposit ion of organic  matter in water logged  so i l s  ( 2 ,  7 7 ) ;  the i r  
p re sen c e  in poorly dra ined so i l s  and s o i l s  under submerged cond i t ions  has
s t im ula ted  a  number of s tu d ie s  of f looded s o i l s  under labora tory  c ond i t ions  to 
which some form of organic  mat te r  i s  added  ( 2 ,  4 7 ,  4 8 ,  8 1 ) .  Subrahmanyan 
( 6 1 ,  6 2 )  in s tudying the  decom pos i t ion  of d if ferent ca rb o h y d ra te s  in flooded 
s o i l s  under labora to ry  c ond i t ions  noted tha t  l a c t ic  ac id  f i r s t  a p p e a r s  a f te r  soil 
subm ergence  but t h a t  it d eco m p o ses  read i ly  to  form a c e t i c  and  butyric a c id s ;  he 
a l s o  repor ted  th a t  th e  decom pos i t ion  of l a c t i c  ac id  w a s  favored  by the  add i t ion  
of ca lc ium ca rb o n a te  to  th e  s o i l .  A charya  (1) s tu d ied  th e  decom pos i t ion  of r ice  
st raw with soil  under  f looded c o n d i t io n s .  He o bse rved  th a t  th e  f i r s t  p h a se  of 
the  decom pos i t ion  w a s  the  rapid formation of organic  a c i d s .  A second  s t ag e  
invo lved  t h e  decom pos i t ion  of th e  organic  a c i d s  with th e  formation of methane  
and  w a s  more s e n s i t i v e  to  a c id i ty  than  the  f i r s t  p h a s e .  The  p roduc ts  of the  
decom pos i t ion  of r ice  s traw were  a c e t i c  a c i d ,  butyric  a c i d ,  carbon d iox ide ,  
m e th a n e ,  and  neg l ig ib le  amounts  of hydrogen.
The  lower  fa t ty  a c i d s  have  been re p e a te d ly  d em ons t ra ted  in both ae ra te d
and w a te r logged  s o i l s  by d if feren t workers  ( 1 7 ,  3 9 ,  4 0 ,  5 4 ,  6 1 ,  6 2 ,  6 7 ) ;
S c h w a r tz ,  V a rn e r ,  and  Mar tin  ( 5 4 )  a n a ly z e d  Ohio s o i l s  with vary ing organic
m at te r  c o n te n t s  and  ob ta ined  a c id  c o n ce n t r a t io n s  ranging from 0 . 0 2  m . e .  to 1 . 0 8
m . e .  per 1 0 0  grams of so i l .  T h e  c oncen t ra t ion  of the  a c i d s  seem ed  to be
d i rec t ly  r e l a t e d  not only  to  the  tota l  carbon in th e  soil but to  t h e  tota l  nitrogen
a s  w e l l .  The main a c i d s  in t h e s e  well a e r a te d  s o i l s  were  a c e t i c  and  formic
a c i d s ,  with  2  groups  of un iden t i f ied  a c i d s .  The au th o rs  a l s o  found an in it ial
r i s e  of a c e t i c  a c id  with a  concom i tan t  lowering  of formic a c id  c o n c e n t r a t i o n s ,
»
however  no exp lan a t io n  of t h i s  phenomenon w a s  ad v an c e d .  Takai ( 6 6 ,  6 7 )  in a
8s tudy with di fferent J a p a n e s e  r ice  s o i l s  found c o n ce n t r a t io n s  of lower fa t ty  
a c i d s  varying from 0 . 0 3  to  2 . 3 6  m . e .  per  1 0 0  g rams of s o i l .  T h e s e  s tu d i e s ,  
while  ind ica t ing  co n ce n t ra t io n s  of lower fa tty  a c i d s  to be e x p ec te d  in r ice  f i e ld s  
a re  of l i t t l e  va lue  o th e rw is e ,  s in ce  sampl ing w a s  performed only a  few t im e s  
a f te r  f looding and  w a s  not con t inued  throughout the  e n t i r e  r ice  growing s e a s o n .
III.  The  O ccurrence  of S u l f id e s  in Submerged R ice  S o i l s
Labora to ry  t e s t s  performed during the  c o u rse  of t h i s  re sea rc h  re v e a le d  
hydrogen su l f ide  a s  a  nemat ic ida l  agen t  ( 5 2 ) ;  th e  s ig n i f i c a n ce  of t h i s  d iscovery  
r e s u l t e d  in the  de te rmina tion  of su l f id e s  during the  1 9 6 4  r ic e  s e a s o n  in an 
a t tem pt  to e v a lu a t e  the  an t ib io t ic  ac t io n  of t h e s e  compounds  a g a in s t  nem atodes  
under L o u i s i a n a  r ice  f ie ld  c o n d i t io n s .
T he  anae rob ic  c ond i t ions  re su l t ing  from flooding of s o i l s  e n h an c e  the  
formation and  accum ula t ion  of su l f id e s  in s o i l s ,  often in e x c e s s  of 1 5 0  ppm 
(2 ) .  A d i s t in c t  black zone con ta in ing  abundan t  fe r rous  su l f ide  i s  o f t e n t im e s  
d e p o s i t ed  in t h e  soil p rof ile  ( 4 7 ) .  The m ine ra l iz a t ion  of organic  sulfur  in s o i l s  
under submerged co n d i t io n s  a ffords  ano ther  source  of su l f ide s  ( 4 7 ) .
The  formation of su l f id e s  in w a te r logged  s o i l s  i s  main ly  due to  th e  ac t iv i ty  
of Desulfovibrio  d e su l f u r i c a n s  (B e i j e r in c k ,  1 8 9 5 )  Kluyver and  van Nie l ,  1 9 3 6 .  
M orpholog ica l ly  the  c e l l s  are  curved  rods  rendered  moti le  by m ean s  of a  s ing le  
pola r  f lagellum (7 ) .  T h e s e  bac te r ia  whi le  being s t r i c t  a n ae ro b e s  can  to le ra te  
oxygen in th e i r  medium due to  th e  high c o n ce n t ra t io n s  of su l f ide s  which qu ick ly  
form around t h e  black c o lo n ie s  ( 4 7 ,  5 7 ) .
T he  p r e s e n c e  of su l f ide s  in r i c e  f ie lds  h a s  been re p e a te d ly  demonst ra ted  
in the  p a s t  ( 1 7 ,  3 5 ,  3 9 ,  4 0 ,  4 2 ,  4 3 ,  4 4 ,  6 0 ,  6 3 ,  6 4 ,  6 5 ,  6 8 ,  6 9 ) .  Takai 
( 6 4 ,  6 5 )  d e sc r ib e d  a  period of a c t i v e  su l f ide  formation in some J a p a n e s e  s o i l s  
a f te r  c o n s id e ra b le  t ime of incubat ion; t h i s  w a s  p receded  in t h e  ea r l i e r  s t a g e s  of 
f looding by a  rap id  d e c r e a s e  in ox ida t io n - red u c t io n  p o te n t i a l s  of the  soil and by 
th e  d i s a p p e a ra n c e  of n i t ra te  n itrogen with a  concom i tan t  l ibe ra t ion  of ammonia 
from the  so i l .  Aerobic  b ac te r ia  r each ed  th e i r  h ig h e s t  numbers  soon af te r  f lood ing ,  
fo llowed by an in c r e a s e  in anaerob ic  b a c te r i a  which were  then  re p la ce d  by the  
s u l fa te  reduc ing  group. T h i s  worker o bse rved  a  con t inuous  in c re a se  in su l f id e s  
in the  flooded s o i l s  from init ial  v a l u e s  of 1 and  2  ppm to  a s  high a s  2 4  and 6 2  
ppm af te r  2 1  d a y s  of subm ergence .  S u l f a t e  reducing b a c te r ia  in c re a se d  
co rrespond ing ly  from 0 . 3  and 0 . 4  mill ion pe r  gram of soil to  2 . 3  and 1 . 7  
mill ion per gram of soil in the  two s o i l s  u s ed  by t h i s  worker .  More recen t ly  
Mandal ( 3 5 )  in labora tory  s tu d ie s  on the  t rans fo rm a t ions  of iron and  m an g an ese  
in w a te r logged  s o i l s  of India ob ta ined  s imila r  r e s u l t s ;  th e  co n cen t ra t ion  of 
hydrogen su l f ide  i n c re a s e d  from 0  to  1 5  ppm through a  7 8  day per iod  of sub­
m erg en ce .  T rea tm en ts  with green manure  and  s traw supp lem en ts  r e s u l t e d  in 
h igher  l e v e l s  of hydrogen sulf ide  in th e  sam e  submergence  pe r iod .
Aomine (4) in a  review of s tu d ie s  on th e  o x id a t io n - r ed u c t io n  potentia l  of 
J a p a n e s e  s o i l s  in d ica ted  the  re la t ionsh ip  be tween low 0 - R  v a l u e s  and the  
p r e s e n c e  of su l f id e s  and reduced  iron and m a n g a n e s e ,  p rev ious ly  s u g g es te d  by 
S tu rg i s  ( 6 0 ) .
The  formation of free hydrogen su l f ide  has  been l inked  to th e  Akiochi
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d i s e a s e  of r ice  ( 3 7 ,  4 2 ,  4 3 ,  4 4 )  and  th e  p o s s ib i l i t y  of a  connec t ion  be tween 
th e  p r e s e n c e  of t h i s  g a s  in r ice  f i e ld s  and th e  Mentek  d i s e a s e  of r ice  in J a v a  
canno t  be ignored ( 6 0 .  7 3 ) .  Hydrogen su l f ide  h a s  been s u g g e s te d  recen t ly  a s  
a  p o s s ib l e  fac tor in the  flood fa llow control  of fusar ia l  w i l t  of b a n an a s  in 
Honduras  ( 5 9 ) .
Rodriguez  and  J o rd a n  ( 5 1 )  p roposed  a  mechanism for the  production  of 
m olecu la r  hydrogen su l f ide  in r ice  f ie lds ;  the  lower fa t ty  a c i d s  p re s e n t  in the  
flooded  f ie ld s  were  v i s u a l i z e d  a s  ac t ing  on the  m e ta l l ic  su l f id e s  d e p o s i t ed  in 
t h e s e  s o i l s  with th e  c o n se q u e n t  formation of m olecu la r  hydrogen su l f ide  and  
so lub le  m e ta l l ic  s a l t s  of t h e  a c i d s .  The  reac t ion  of weak  a c i d s  on su l f id e s  
had been p rev ious ly  d e sc r ib ed  by Treadwel l  ( 7 2 ) .  C ond i t ions  promoting t h e s e  
re a c t io n s  l ie  wi th in  the  range of hydr ion and  fa t ty  a c id  c o n ce n t r a t io n s  found in 
the  s o i l .
M ATERIALS AND METHODS
I. The Choice  of R ep resen ta t ive  Experimental  S i t e s
The  L o u i s ia n a  r ice  a rea  com pr ises  a total of approximate ly  one mill ion 
five hundred thousand  a c r e s ,  a third  of which i s  under  cu l t iva t ion  every year  
owing to  the  three  year  rota tion normally followed by the  growers .  Rice  is  
grown in th i s  s t a t e ,  p r inc ipa l ly ,  a s  far South a s  Cameron,  Vermil l ion,  S t .
Mary and Terrebone p a r i sh e s  and North to Vernon P a r i s h .  S o i l s  in th i s  a rea  
range from sil ty  c lay  loams to more predominant s i l t  loams.  T h e s e  so i l s  are  
c h a rac te r i s t i c a l ly  low in total nitrogen and organic  carbon and genera l ly  respond 
to add i t ions  of nitrogen fe r t i l ize r  and in some c a s e s  to add i t ions  of phosphorus .  
The  subsoil  i s  impervious  and composed  of heavy c l a y s .
Due to  the  d ivers ity  of soil t y p e s  which are  grown to rice  in L o u i s i a n a  a s  
well a s  the  varying ecology of dif ferent f i e ld s ,  it w as  thought e s s e n t i a l  for th i s  
work to choose  a  number of p lo ts  in a  random fashion  throughout the  a rea  so a s  
to insure  an e f fec t ive  r ep re sen ta t io n .  A to ta l  of nine s i t e s  were  se t  up on th is  
b a s i s  for the  1 9 6 3  rice  season ;  each of t h e s e  s i t e s  w a s  divided into two 
2 0  x 2 0  fee t  p lo ts ;  in each  c a s e  one of the  p lo ts  rece ived  the  equ iva len t  of 
8 . 6  to n s  of cotton seed  hu l ls  pe r  acre  CA plot) and the  other  w a s  left  a s  a check 
(B p lo t) .  The four s i t e s  chosen  for the  1 9 6 4  sea so n  were  composed  of indiv i­
dual 1 0  x 1 0  p lo ts  and rece ived  no cotton seed  hull t rea tm en t .  The  1 9 6 4
1 1
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p lo t s  were  e s s e n t i a l l y  in the  same loca t ion  a s  t h o s e  corresponding  for the  
p re v io u s  y ea r .  T ab le  1 show s  the  co o p e ra to r ,  loca t ion  and soil t y p e s  of e ach  
r ice  f ie ld  s i t e .
T h e s e  nine s i t e s  were  sampled  in ten s iv e ly  through the  1 9 6 3  s ea s o n  
w h e re a s  only the  D a v i s ,  R ich a rd ,  Caffey and  Wild  s i t e s  were  u s e d  in the  1 9 6 4  
ex p e r im en t s .
II.  Soil Sampling Techn ique
Soil  sampling  w a s  conduc ted  in dup l ica te  1 0  x 1 0  f e e t  p lo ts  a t  the  
s e l e c t e d  lo c a t io n s .  Soil sam p les  were  com pos i ted  from cy l indr ica l  c o r e s  of 
4 . 3  in c h e s  length and  3  in ch es  d iam e te r ,  t aken  a t  random from th e  p lo t s  and 
then  p ack e d  and  s e a le d  in quart  j a r s .  S ing le  c o re s  were  removed to  p in t  j a r s  
for pH and Eh d e te rm ina t ions .
III. Soil M ois tu re  D eterminat ions
Soil  mois tu re  w a s  dete rmined by p lac ing  a  s i z a b le  portion of t h e  w e t  soil 
a t  every  sampl ing in t in  c a n s  one  and th ree  t e n th s  in ch es  high by four in c h e s  in 
d iam e te r .  The c a n s  were  then  p la ce d  at  1 0 5 ° C  for tw en ty - fou r  hours  in an 
e l ec t r i c  oven .  The  p e rcen tag e  m ois tu re  w a s  then  de termined by d i fferentia l  
weighing  and referring to  the  oven dry s o i l .
IV .  Determinat ion of th e  Hydrogen Ion Concentra t ion  and of the  
Oxidation  Reduct ion  P o ten t ia l  of Soil Sam ple s
Hydrogen ion co n cen t ra t io n  w a s  determined by in ser t ing  g l a s s  e l e c t ro d e s
1 3
T ab le  1 .  L o c a t io n  and c h a r a c t e r i s t i c s  of r ice  f ie ld  exper imenta l  s i t e s  in 1 9 6 3 .
Coopera tor  ^ Soil  Type L o c a t io n  of S i t e
Richard  Brothers Acadi a-Wri ght sv i 11 e 
S i l t  Loam
N. E .  of Kinder
F lo y d  Compton C row ley -M id land  
S i l t  Loam
N. E .  of Roanoke
C.  M . Davis C row ley -M id land  
S i l t  Loam
North of J e n n i n g s
E .  E .  W ild M id land -C row ley  
S i l t  Loam
South of Mid land
L y l e  Foge lman Crowley S i l t  Loam S .  W. of Crowley and 
North of Bayou Queu 
de Tor tue
E .  S ta n se l Mucky Clay 
F r e s h  W ate r  Marsh
South of Gueydan
M. Byler C row ley-M id land  
S i l t  Loam
W e s t  of Thornwell
H. R .  Caffey Mid land  S i l t  Loam L .  S .  U. Exper im ent  
S ta t ion  a t  Crowley
A.  P e t i t j e a n J e a n e r e t t e  S i l ty  
C lay  Loam
N. E .  of Rayne
^■The n am es  of t h e  co opera to r s  are  u s ed  in t h i s  work to refe r to th e  individual  
s i t e s .
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from a properly s tan d a rd ized  Beckman Zeromat ic  pH meter a d ju s t e d  to  a  s tandard  
tem pera tu re  of 2 5 ° C  and  m a in ta ined  in the  labora to ry .
Eh of th e  sam ples  w a s  de termined with pla tinum and calomel re fe rence  
e l ec t ro d e s  left  in th e  soil for th i r ty  m inu tes  before a  reading w a s  a t tem p ted .  It 
w a s  found th a t  if th e  e l e c t ro d e s  were  le ft  in the  soil for t h i s  per iod  t h e  Eh of the  
sample  exh ib i ted  very  l i t t l e  change  a f te r  th i r ty  m in u te s .
T h e  pla tinum e lec t rode  w a s  pe r io d ica l ly  c l e a n e d  in a  normal hydrochloric  
a c id  so lu t ion  by connec t ing  it to  a  rad io  battery  ( 1 5 * 2 5  vo l t s )  and u s ing  a 
carbon rod a s  an anode .  The pla tinum e lec t ro d e  w a s  then su b je c te d  to t h i s  
t r e a tm en t  for th ree  m in u te s .
M ix tures  of 0 . 1  M c i t r ic  a c id  and 0 . 2  M disodium p h o sp h a te  buffer so lu ­
t io n s  ranging from a  pH of 2 . 8  to  8 . 0  were  u s e d  for t e s t i n g  and s tanda rd iza t ion  
of the  e l e c t ro d e s  (9 ) .
V .  Bacte r ia l  S tu d i e s :  The i r  Iden t i f ica t ion  and Count ing in S o i l s
Ten  grams of soil were  u s ed  a t  each sampling to s tudy  th e  numbers  of 
anae rob ic  spore  forming b a c te r i a /  a s  well  a s  to provide  c u l tu re s  for t h e i r  id e n t i ­
f i c a t io n .  The soil w a s  t rans fe r red  in every  c a s e  to  a  s te r i l i z e d  5 0  ml porce la in  
mortar /  where  it w a s  thoroughly  ground and mixed with s t e r i l e  w a te r  to  g ive  a 
final volume of 1 0 0  m l . T h e s e  s u s p e n s i o n s  were  then  put into s te r i l e  2 5 0  ml 
Er lenmeyer  f l a s k s  and  sub jec ted  to a  tempera ture  of 8 0 ° C  for 1 0  m in u te s .  The  
f l a s k s  were  th e n  a l low ed  to cool until a  tem pera tu re  of 4 0 ° C  w a s  a t t a in e d .
1 5
Seria l  d i lu t ions  from 1 0 " ^  to 1 0 " ^  were  prepared from the  hea ted  soil 
s u sp en s io n  in 5  r ep l ica te  t e s t  tu b es  conta ining a  medium of the  following com­
pos i t ion  in gms per l i ter:  soybean hydro lyzate  (NBC) 5 r pota to  s l i c e s  1 0 0 ,  
agar 1 ,  d ipotass ium phosphate  (3 H2 O) 1 ,  magnesium su lfa te  (7  H2 O) 0 . 2 ,  
sodium ch lor ide  0 . 0 1 ,  ferrous  su l fa te  (anhydrous) 0 . 0 1 ,  manganous su lfa te  
(H2 O) 0 . 0 1 ,  g lucose  (anhydrous) 2 0 .  Reac t ion  of the  medium w a s  ad jus ted  to 
pH 6  s ince  t h i s  f igure rep resen ted  the  general  average  soil pH for all s am p le s .  
The  u se  of pota to  infusion and a  high g lu co se  level in t h i s  medium w a s  des igned  
to favor the  growth of anaerobic  s tarch  fe rmente rs  which were  di rec t ly  connec ted  
with the  product ion of fa tty  a c i d s .
The  tu b e s  once  inocu la ted  were p laced  in ten l i te r  cap ac i ty  d e s ic c a to r s  
with a lka l ine  pyrogallol  in the  proper proportion and two pads  of ac t iv a ted  iron 
wool according  to the  method desc r ibed  by Parker  ( 4 5 ) .  The purpose  of t h e se  
pads  w as  to provide an e ffec t ive  oxygen scavenger  in c a s e  a  leak occurred in 
the  seal  of the  c o n ta in e r s .  Owing to  a  temporary shortage  of pyrogallol  in the  
1 9 6 3  s e a s o n ,  germinating o a t s  were  u sed  a s  s u b s t i t u t e .  In all c a s e s  however,  
the  methylene  blue indicator  ( 5 6 )  w a s  carefu l ly  examined for the  decolorat ion 
which it c h a r ac te r i s t i c a l ly  p re sen ts  under anaerobic  con d i t io n s .  A sa tu ra ted  
solution of sodium bicarbonate  w a s  a l so  included in all chambers  to res to re  any  
of the  carbon dioxide tha t  might have been absorbed  by the  a lk a l in e  pyrogallol 
and the  ac t iv a ted  iron w o o l .
A ten day incubat ion t ime w as  observed  for all de termina t ions  after which 
the  anaerobic  chambers  were opened and the  tu b e s  examined for growth. The
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numbers of bac te r ia  were determined in accordance  with the methods  outl ined 
by Halvorson and Z ieg le r  ( 1 5 ,  1 6 ) .
Five-tenths ml of inoculum w as  p ipe t ted  out of each  tube  into a  fresh tube  
conta in ing  the same medium, in what w a s  cons ide red  an enrichment s t e p .  T h e se  
new tu b e s  were  then p laced  under s imilar anaerobic  cond i t ions  and the  ten  days  
incubat ion per iod w a s  again  observed .  Streak pla ting w as  then  a ttempted  on 
a  solid  form of the  medium in Petr i  p l a t e s  us ing inoculum from the  enrichment 
t u b e s .  T h e s e  p la te s  were p laced  in chambers  for 1 5  d a y s ,  a f te r  which they  
were opened and individual co lon ie s  were t ransferred  to tu b es  f i l led  with a  modi­
fica tion  of the  i so la t ion  medium conta in ing  1 0  grams of calc ium carbonate  ( 3 1 ,  
4 9 ) .  T h e s e  tube  c u l tu re s  were then su b jec ted  to anaerobic  cond i t ions  for 1 0  
days  to provide for proper  development of the  bacter ia  after which microscopic  
examinat ion of the  individual cu l tu re s  w as  made.  Where doubts  a ro se  a s  to the  
purity of the  i s o l a t e ,  the  p rocedures  desc r ibed  were  repea ted  until purity w as  
a t t a in ed .  T h e s e  i s o la t e s  provided the  stock cu l tu re s  on which m icroscopic  
obse rv a t io n s  and physio logical  t e s t s  were  car r ied  out for iden t i f ica t ion ,  in 
acco rdance  with the  taxonomic keys  p re sen ted  in the  seventh  edit ion of Bergey 's  
Manual of Determinat ive  Bacte rio logy (7 ) .
The  iso la t ion  of Desulfovibrio  sp .  from fie ld  sam ples  w a s  made in the 
1 9 6 4  rice  s ea so n  accord ing to the  p rocedures  of Allen (3) on both l iquid and 
so lid  Van D e lden 's  m ed ia .
VI.  Extrac tion  of Nematodes from S o i l s
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Nematodes were ex t rac ted  from 2 0 0  ml sam ples  of soil us ing procedures  
recommended by S e inhors t  ( 5 5 ) .  The nematode su sp e n s io n  w a s  co l le c ted  on 
a  tr ip le  3 0 0 - m e s h  s c r e e n ,  then  w ash ed  into a  Pe t r i  dish  f i t ted  with a  p la s t i c  
cy l inder  conta ining a  screen  bottom covered  with "edero l"  f i l ter  p a p e r .  After 
2 4  hours  incuba t ion ,  the  sample  w as  t ransferred  from the  Petr i  d ish  to a 
S y racuse  watch  g l a s s  ruled to  permit coun ts  of 1 / 7  sample a l iquo ts  ( 2 0 ) .
VII. The A na lys is  of Organic Carbon and Total Nitrogen in Soil  Sam ples
T he  organic matter of the  soil sam ples  w a s  determined a s  e lementa l  carbon 
following W alk ley  and  B l a c k s  rapid t i t ra t ion  method desc r ibed  by P ip e r  ( 4 6 ) .
In all c a s e s  a t  l e a s t  th ree  rep l ica te  t i t r a t ions  were  made of each sample  and the  
final re su l t  e x p re s s e d  a s  the  a v e rag e .  Total  nitrogen de termina t ions  were  made 
in dupl ica te  from every sample  following a  modified Kjeldahl method desc r ibed  
by J a c k s o n  ( 2 5 ) .
VIII.  The Extrac tion  of F a t ty  A c ids  from the  S o i l s
The  lower moncarboxylic fa tty  a c id s  were  ex t rac ted  from th e  soil by 
taking 3 0  grams of w a te r - s a tu ra te d  soil or 2 0  grams of a ir  dry soil in a  modi­
fication of the  method developed by Takai and coworkers  ( 6 6 ,  6 7 ) .  The soil 
w a s  div ided into two por tions  in two 5 0  ml " lu ce r i t e "  t u b e s ,  to each  of which 
3 0 - 4 0  ml of d i s t i l l e d  water w a s  added and mixed thoroughly with the  s o i l . The
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t u b e s  were  then  cen tr i fuged  a t  3 0 0 0  RPM for 3 0  m in u te s ,  af ter  which the 
superna tan t  w a s  c o l l e c t e d .  The  cen t r i fuga t ion  w a s  repea ted  tw ice  with an 
addit ional 3 0 - 4 0  m is  of d i s t i l l e d  w a te r ,  so th a t  th ree  su p e r n a ta n t s  w ere  ob ­
ta in e d  from e ach  s o i l .  The  total  supe rna tan t  f luid  w a s  then  p a s s e d  through 
g l a s s  co lum ns  6 0  cm long x 9  mm in ternal d iam e te r ,  con ta in ing  1 0  ml of 
Amberl i te  ( I R - 1 2 0 )  H type  ion exchange  r e s i n ,  to  adso rb  bas ic  s u b s t a n c e s  
and inorganic  c a t i o n s .  The  e lu en t  w a s  c o l l e c t e d  and n eu t ra l ized  with N NaOH 
to a  phenol red end  po in t  in 6 0 0  ml Pyrex  g l a s s  b e a k e r s .  The  so lu t io n s  were  
then p la c e d  in an e lec t r i c  oven a t  6 0 - 8 0 ° C  and evap o ra ted  to  d r y n e s s .  The 
s a l t s  ob ta ined  in t h i s  manner  were  then  d i s so lv e d  in small am ounts  of d i s t i l l e d  
w a te r  and  s u c c e s s i v e l y  t rans fe r red  and dried in sm al le r  c o n ta in e r s  unti l all of 
them were  fina l ly  c o l l e c te d  and left  in the  dry s a l t  form in 2  ml g l a s s  v i a l s .
The  a c i d s  w ere  kept a s  t h e  dry sodium s a l t s  until g a s  chromatographic  a n a l y s e s
were  car r ied  out to  r e s o lv e  the  m ix tu res  of a c i d s .  At th i s  t ime 1 ml of N HCI
w a s  added  to the  v i a l s  to  bring th e  free  organic  a c i d s  into so lu t ion .
IX. A n a ly s i s  of F a t ty  A c id s  Ex t rac ted  from Soil S a m p le s
A MicroTek  2 5 0 0 R  unit  for g a s - l i q u i d  chromatography employing f la m e -  
ion iza t ion  d e tec t io n  w a s  u s e d  for the  q u an t i t a t iv e  de termina t ion  of fa t ty  a c id s  
in th e  C 1 - C 5  range .  Columns were  p ack e d  with 2 0  per c e n t  tw een  8 0 ,  2  per 
cen t  phosphor ic  a c id  (W/w) on 3 0 - 6 0  mesh  a c id - w a s h e d  chromasorb  w ,  
accord ing  to  th e  p rocedure  of Gehrke and  Thornton ( 1 4 ) .  The  column te m p e ra ­
tu re  w a s  main ta ined  in all c a s e s  below 1 3 0 ° C .  Helium w a s  u s e d  a s  th e  car r ie r
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g a s  with  th e  flow con t ro l led  a t  7 5  m l /m in u te .  The  in le t  block tem pera tu re  w a s  
kept a t  1 8 0 ° C ,  the  ou t le t  block tempera ture  and the  flame de tec to r  block a t  
1 9 0 ° C / a i r  flow w a s  kept at  3 0 0  ml per minute  and  the  hydrogen flow a t  4 0  ml 
per  m inu te .  A l iq u o ts  of th e  s am p le s  in 2  m ic ro l i t e r  q u a n t i t i e s  were  in je c ted  
into the  a p p a ra tu s  for r e s o lu t io n .  Each  a n a l y s e s  took approx imate ly  2 0  minu tes  
for th e  comple te  r e so lu t ion  of the  mixture .
A s e r i e s  of s tan d a rd s  w ere  prepared  of mix tures  of formic,  a c e t i c ,  p ro ­
p io n ic ,  and butyric a c i d s  in d i s t i l l e d  w a te r .  T h e s e  s tandard  so lu t ions  were 
prepared  by weigh ing  the  pure a c i d s  and ver i f ied  by the i r  t i t ra t ion  with  NaOH. 
The s tan d a rd s  va r ied  from 0 . 0 4  m . e .  to 1 . 0  m . e .  per ml for tota l  a c i d s .  The  
to tal  number of m i l l i eq u iv a le n ts  in each  s tandard  were  eq u a l ly  d i s t r ibu ted  among 
the  four a c i d s .
R e s u l t s  of the  a n a l y s e s  were  graphed on a  T e x a s  Ins t ruments  WD recorder .  
The a rea  of e ach  curve rep resen t ing  an ac id  w a s  m easu red  with a  p lan im e te r  and 
the  amount of each  of t h e  a c i d s  c a l c u l a t e d  by compar ison  with the  a r e a s  ob ta ined  
for the  corresponding  a c id s  in the  s tanda rd  so lu t io n s .
X. Determinat ion of the  Hydrogen Sulf ide  Content  of S o i l s
D eterminat ions  of H2 S in t h e  range of 0 . 1 - 4 0  ppm were  made with a 
polarograph c o n s t r u c te d  for t h e  p u rp o s e .  Theore t ica l  d e t a i l s  and  prac t ica l  
l im i ta t ions  were  in ag reement  with a  t e ch n iq u e  ou t l ined  for m easurem ent  of 
hydrogen su l f ide  in w a te r  a s s o c i a t e d  with petroleum d e p o s i t s  ( 1 8 ) .  A s e r i e s  
of s tandard  H2 S c o n cen t ra t io n s  e s t a b l i s h e d  by iodimetric t i t r a t i o n s  (F ig .  1 1 )
show the  l imi ts  of s e n s i t iv i ty  of the  m ethod ,  which by ex t ra p o la t io n ,  can  be 
lowered to  0 . 0 1  ppm H2 S .  Duplicate  5 0 0  ml q u a n t i t i e s  of w a te r - s a t u r a t e d  
soil from each  sampl ing were  d ilu ted  with d i s t i l l e d  w a te r ,  co n n ec ted  to an 
a lkal i  t rap  and h e a te d  to boil ing for 1 5  m in u te s .  The  HCI w a s  t rapped  in 1 0 0  
ml of NaOH in f l a s k s ,  which were  then s toppered  and held for hydrogen su lf ide  
d e te rm in a t io n s .  Cer ta in  a l t e r a t io n s  of the  usual po larograph ic  t e c h n i q u e s  had 
to be made in order to d e tec t  small c o n cen t ra t io n s  of H2 S .  T he  s treaming 
mercury e lec t rode  w a s  employed in order to  e l im ina te  the  per iodic  f lu c tu a t io n s  
in curren t  c h a r a c t e r i s t i c  of th e  dropping mercury e l e c t r o d e .  V o l tage  in c re a s e  w a s  
app l ied  a t  an exponent ia l  ra te  in order to expand the  su lf ide  wave  so  t h a t  it  could  
be more e a s i l y  in te rp re ted .  No maximum suppre sso r  such a s  ge la t in  w a s  n e c e s ­
sary  a t  low c o n c e n t r a t i o n s ,  but t h e  method proved to be inadequa te  above  3 5 - 4 0  
ppm H2 S ,  due to abnormal i n c re a s e  in current and  th e  p rec ip i ta t ion  of some 
mercury and HgS before th e  oxidation potentia l  of S -  w a s  re a ch e d .
All s am p les  were  swept  v igorous ly  with ni trogen and then  kep t  under an 
iner t  a tm osphere  during a n a l y s i s  in order to e l imina te  in te r fe rence  c a u s e d  by 
oxygen .  A re la t ive ly  high concen t ra t ion  of NaOH (normal) w a s  n e c e s s a r y  to 
provide  c ond i t ions  favoring th e  formation of in the  equil ibr ium be tween H S “ 
and  S - . A n a ly s i s  of H2 S co n ce n t ra t io n s  above 3 5 - 4 0  ppm w a s  a t tempted  
a f te r  su i tab le  dilu tion with NaOH, of the  same normality a s  t h a t  of th e  original  
trap  s o lu t io n ,  but th e  p r e s e n c e  of in terfering s u b s t a n c e s ,  be l ieved  to  c o n s i s t  of 
humic ac id  and i t s  f r a c t io n s ,  produced erra tic  r e s u l t s  in many of t h e s e  s a m p l e s .
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XI. Nematodes U sed  in Labora tory  Exper im ents
Swarming popula t ions  of T .  martini ( 2 1 ,  2 2 )  were employed in laboratory 
a s s a y s  of the  e f fec t s  of hydrogen su lf ide  and fatty  a c id s  on nem atodes .  The ir  
rapid  movements  in swarms rendered  them par t icu lar ly  useful for tox ic i ty  t e s t s  
in r e p l ic a te  5  ml s ea led  v i a l s ,  where they  were  observed  d i rec t ly .  Removal to 
open d i s h e s  w as  a l so  n e c e s sa ry  because  lethal co ncen t ra t ions  of chem ica ls  
inhibi t  movement prior to k i l l . Swarming popula t ions  of T .  martini are  of uniformly 
high vigor ,  a s  ev idenced  by the i r  survival and  continued movement in check v i a l s  
of w a ter  for in te rva ls  up to two months ,  but numerous t e s t s  have  ind ica ted  they  
are equ iva len t  to the  more common nonswarming fie ld  popula t ions  of T .  martini 
in r e s i s t a n c e  to to x ic a n t s  ( 2 3 ) .
EX PE R IM EN TA L R E S U L T S
I. V ar ia t ions  in the  Amounts of Organic  Carbon in Soil Samples  
from Submerged F i e l d s  During the  1 9 6 3  Rice S e a so n
The  amounts  of organic  carbon p re sen t  in sam ples  taken from the  nine 
1 9 6 3  s i t e s  w a s  determined throughout the  r ice  s ea s o n  at  every sampling .  The 
pu rp o ses  of such a n a l y s i s  w as  to  obtain a c lea re r  p ic tu re  on the  nutri t ional 
potential  of the  s o i l s  a s  re la ted  to  bac te r ia  producing the  fa tty  a c id s  in the  
flooded s o i l s  and to find if there  w as  a  corre la tion  be tween organic  carbon v a lu es  
and  the  dec l ine  of nematodes  in submerged rice  f i e ld s .
The method u sed  for the  determination of organic  carbon ( 4 6 )  m easures  
not only th a t  part  of the  organic  matter  in the  soil which is  d irec tly  u t i l ized  by 
the  anaerobic  bac te r ia  s tudied in th i s  re sea rch  but a l so  other forms of organic 
mat te r  such a s  c e l l u l o s e ,  l ignin ,  humus com plexes  th a t  are  more dif ficult ly 
u t i l i z ed  by soil m icroorgan isms .  M a te r i a l s  commonly found in submerged so i l s  
(2) such a s  c e l l u lo se  and l ignin a re  u t i l i z ed  very slowly by the  soil microflora  
under water logged  cond i t ions  ( 2 ) .  H ence ,  an evalua t ion  of the  soil organic  
matter d i rec t ly  av a i l ab le  to  the  anaerob ic  spore-forming c lo s t r id ia  of the  butyric 
ac id  group would be c louded by the  p resence  of th o s e  other more abundant forms 
of organic m a t te r ,  which are  hardly if a t  all av a i l ab le  to the  soil microflora of a 
submerged soil  ( 7 7 ) .  S ince  the  amount of nonavai lab le  soil organic  matter 
remains  e s s e n t i a l l y  cons tan t  through a  per iod of subm ergence ,  any fluc tuation
2 2
2 3
d e tec te d  in the  v a l u e s  of organic  mat te r  in a  submerged r ice  soil a s  th e  s ea s o n  
a d v a n c e s  could  be a t t r ibu ted  only to  v a r ia t io n s  in the  amounts  of r ead i ly  a v a i l ­
ab le  organic  m a t t e r .  C o n se q u e n t ly ,  f lu c tu a t io n s  in soil organic  matter in r ice  
s o i l s  p resum ably  can  only be d e tec te d  in th o s e  s o i l s  in which  the  a v a i l a b le  part 
of the i r  organic  matter  i s  r e la t iv e ly  abundan t  prior to  f looding . S in c e  to ta l  
organic  carbon w a s  determined small  v a r i a t io n s  in organic  carbon v a lu e s  a re  
important  and m us t  be examined  in re la t ion  to o ther  v a r i a b l e s .
Organic  mat te r  in a  submerged r ice  soil shou ld  be e x p ec te d  to  d e c l in e  a s  
th e  s e a s o n  a d v a n c e s ,  only reach ing  a  c o n s ta n t  level  a f te r  i t s  nutri t ional v a lu e  
h a s  been e x h a u s t e d .  However,  in some of th e  s o i l s  organic  carbon in c re a se d  
a s  the  r ice  p la n t s  dev e lo p ed .  T h i s  i s  p resumably  due to inc rem ents  of r ice  
r o o t s ,  dead  l e a v e s ,  and organic  deb r is  inc luded  in the  sam p les  t a k e n .  The  
general  p ic tu re  of organic  carbon ob ta ined  from sam ples  tak en  in th e  nine e x p e r i ­
menta l  f ie ld  s i t e s  during th e  1 9 6 3  r ice  s e a s o n  w a s  one of d e c l in e  a s  the  t ime 
of submergence  i n c r e a s e d .  However ,  t h i s  soil va r iab le  more than  any of the  
o th e rs  s tud ied  in t h i s  w ork ,  n e c e s s i t a t e s  d i s c u s s i o n  of r e s u l t s  ob ta ined  in every 
fie ld  s i t e  (T ab le  2 ) .
1 .  F o g e lm a n .  The  p e rcen tage  of organic  carbon  in both of t h e s e  p lo t s  
d e c r e a s e d  from th e  f i r s t  sampl ing 2  days  a f te r  f looding up to  the  l a s t  sampling 
1 6  d ay s  a f te r  f looding . T h i s  co in c id ed  with  an in c r e a s e  in the  to ta l  amount  of 
fa tty  a c i d s  and a  d e c r e a s e  in the  number of anae rob ic  spore-forming b a c te r i a .  
The  d e c r e a s e  in organic  carbon i s  r e la ted  to u t i l iza t ion  by th e  b ac te r ia  of
a v a i l a b le  forms of soil organic  mat te r  and suppor ts  the  above  th eory  about 
v a r i a t io n s  in organic  carbon v a l u e s .
2 .  D av is .  The organic  carbon v a lu e s  ob ta ined  from p lo t s  in t h i s  soil 
were  ra ther  c o n s ta n t  throughout the  s e a s o n .  The  f i r s t  s am p l in g ,  1 0  days  af te r  
f looding may have  been too la te  to d e tec t  the  u t i l i z a b le  organic  m a t te r .  T h i s  
view is  supported  by th e  com para t ive ly  c o n s t a n t  v a lu e s  ob ta ined  for both fa t ty  
a c i d s  and  bacte r ia l  numbers  during the  s e a s o n .
3 .  Caffey .  T h i s  s i t e  had  been under con t inuous  r ice  cu l tu re  for th ree  
p rev ious  y e a r s  and  did  not rece iv e  organic  m at te r  supp lem ents  during th i s  
t im e ,  excep t in g  the  A plo t  which rece iv ed  t h e  co t ton  seed  h u l l s  during the  
fourth and  curren t  year .  T h i s  su p p lem en t ,  high in c e l l u l o s e ,  w a s  ap p l ied  in 
th e  Fa l l  of 1 9 6 2 ,  and w a s  su b jec te d  to aerob ic  c ond i t ions  during t h e  w in te r .  
Under such  c ond i t ions  c e l l u lo s e  and s im ila r  m a te r ia l s  decom pose  f a s t e r  than  
in a  f looded soil ( 4 7 ) .  T h e  am ounts  of organic  carbon  a v a i l a b le  to  anaerob ic  
bac te r ia  af te r  f looding w a s  th u s  higher in the  A plo t  than  in the  B p lo t ,  a s  
were the  amounts  of a c i d s  p roduced .  However ,  a s  in the  Davis  p l o t s ,  m os t  
of the  a v a i l a b le  organic  matter  had  a l ready  been u t i l i z e d  by th e  t im e  of the  
f i r s t  sampl ing a t  1 0  d a y s  af te r  submergence  and v a lu e s  ob ta ined  for organic  
carbon and bac te r ia  in t h e s e  p lo t s  were  r e l a t iv e ly  c o n s t a n t  throughout th e  8 2  
d a y s  of t h i s  exper im en t .
4 .  R ichard .  The  p e rcen tag e  of organic  carbon in the  A p lo t  w a s  higher 
throughout the  1 9 6 3  s e a s o n  than  in th e  B p lo t .  Organic  mat te r  d e c r e a s e d  in 
both p lo t s  from the  init ial  sampl ing up to 8 9  days  a f te r  su b m ergence .  T h i s
con t inuous  d e c r e a s e  in organic  m a t te r  throughout th e  s e a s o n  in d i c a t e s  th a t  a 
c o n s id e ra b le  amount of it w a s  in a  form a v a i l a b le  to  the  anae ro b ic  b a c t e r i a .
T h i s  view i s  confirmed by the  re la t ive  s t ab i l i ty  of the  bacte r ia l  popula t ion  in 
th e  f i r s t  6 9  d ay s  of subm ergence .  The g r e a t e s t  drop in bacte r ia l  numbers  for 
the  2  p lo t s  occurred at  the  l a s t  sampling and  co in c id ed  with the  g r e a t e s t  
decl ine  in organic  carbon  and the  l a te  s e a s o n  in c r e a s e  in organic  a c i d s .
Organic  carbon in t h i s  soil fo l lowed th e  general  t rend of dec l ine  o b se rv ed  for 
s o i l s  high in u t i l i z a b le  organic  m a t te r .  T he  e f fec t  of a d d i t io n s  of co t ton  s e e d  
h u l l s  to  th e  A plo t  in t h i s  s i t e  w a s  l e s s  than  in the  Caffey plo t  which  had been 
s u b je c te d  to  con t inuous  r ice  cu l tu re  for th ree  p rev ious  y e a r s .  The  add i t ion  of 
co t ton  s ee d  h u l l s  to  t h i s  d ep le ted  soil p resum ably  r e s u l t e d  in a  g re a t e r ,  a l though 
temporary ,  in c re a s e  in production  of fa tty  a c i d s .  S o i l s  a l ready  high in u t i l i z a b le  
organic  m a t te r ,  such a s  the  R ichard  s o i l , re sp o n d ed  to  a  l e s s e r  e x te n t  to  
supp lem ents  of co t ton  s e e d  h u l l s .
5 .  Compton.  Organic  carbon  in c re a s e d  c o n s i s t e n t l y  from the  f i r s t  
sampling 9  d a y s  a f te r  submergence  and  f ina l ly  d e c r e a s e d  to  a  low va lue  a t  
the  l a s t  sam pl ing .  A v a i lab le  or u t i l i z a b l e  organic  matter in t h i s  soil w as  
probably  low a t  th e  t ime of th e  f i r s t  sam pl ing .  T h i s  co r re la ted  with the  p ro ­
g r e s s iv e  dec l ine  in amounts  of fa tty  a c i d s  and  in the  bacte r ia l  popu la t ion .
6 .  W i ld .  Organic  carbon l e v e l s  were  r e la t iv e ly  c o n s t a n t  for both A and 
B p l o t s .  U t i l izab le  carbon w a s  low and c o r re la ted  well  with the  v a lu e s  for 
anae rob ic  b ac te r ia  and fa t ty  a c i d s .
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7 .  P e t i t j e a n .  Organic matter av a i l ab le  to the  anaerob ic  spore forming 
bac te r ia  in t h i s  plot w as  low, in view of the  c o n s i s t e n t  leve l s  of total  organic 
carbon during the  4 8  day sampling per iod .  T h i s  w as  re la ted  to a  slow and 
p rogress ive  dec l ine  in the  popula tion of bacteria l  anerobes  in t h i s  so i l .  F a t ty  
a c id s  in c reased  in amounts  throughout the  sampling per iod ,  but r a te s  of inc rease  
were low and probably  dependent  on th e  rate a t  which unava i lab le  organic carbon 
became a v a i l a b le .
8 .  S t a n s e l .  T h i s  soil w a s  abnormally  high in organic  m at te r ,  but the  
c o n s ta n t  level of total organic  ca rbon ,  af te r  the  high init ial  v a lu e ,  9  days  after 
f looding , ind ica ted  low amounts of a va i l ab le  organic  m at te r .  Th is  view w a s  
confirmed by the  s i z e  of th e  bacteria l  population which remained ra ther cons tan t  
throughout the  s e a s o n .
II. Total Nitrogen in F looded  Rice F i e l d s  During the 1 9 6 3  Rice  S e a so n
Although some of the soil nitrogen i s  los t  from f ie ld s  under submerged 
cond i t ions  th i s  lo s s  is  genera l ly  l imited to n i t ra tes  through their  reduction to 
ammonia ,  which then  e s c a p e s  from the soil ( 3 6 ,  5 3 ) .  Fur thermore ,  th i s  lo s s  
i s  conf ined to the  fi rs t  few days  after f looding ( 6 4 ,  6 5 ) ;  nitrogen l o s s e s  after 
such t ime are  beyond the  l imits of de tec t ion  by ordinary methods  of a n a ly s i s  (2 ) .
The  v a lu e s  of nitrogen in per cent  obta ined from soil sam ples  removed 
from the  nine exper imental  s i t e s  during the  1 9 6 3  rice  sea so n  are  summarized 
in Tab le  2 .  In general  the  v a lu e s  were ra ther  con s tan t  from all so i l s  throughout
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the  en t i re  per iod of submergence although in some s o i l s  a  s l igh t  d e c rea se  in 
nitrogen w as  d e te c te d .
III. V ar ia t ions  in Hydrion Concentra tion and Oxida t ion -R educt ion  
Po ten t ia l  of Soil  Sam ples  from Submerged Rice F i e l d s  
During the  1 9 6 3  Rice S easo n
The hydrion concen tra t ion  in so i l s  submerged under w a ter  h a s  been r e ­
p ea ted ly  demonstra ted  to  d e c r e a se  a s  the  t ime of submergence inc reased  ( 4 8 ) .  
The  e lem en ts  of t h i s  pa ttern  can  be re la ted  to the growth of r i ce  and to the  
microbiology of submerged so i l s  (4 ) .  It ha s  been reported th a t  an inc rease  in 
pH is  adverse  to  the  p re sence  of organic a c id s  in rice  f ie lds  ( 4 ) ,  however,  
i n c r e a s e s  of pH during the  1 9 6 3  rice  s ea s o n  were accompanied  by c o n s i s t e n t ly  
main ta ined  l e v e l s  of fa tty  ac id s  in soil sam ples  taken  from the  nine experimental  
f ie ld  s i t e s  (T ab le s  2 ,  3 ) .
The in c rease  in pH could  not be corre la ted  with a  d ec rea se  in Eh v a l u e s ,  
a s  has  been reported  in other c a s e s  (4 ) .  Eh va lues  were  e rra tic  (Table  2 ) .  
However,  in all c a s e s ,  reduced  condi t ions  (below 2 0 0  mil l ivolt s)  were a t ta ined  
during the  f ir s t  1 0  days  of submergence and were main ta ined  throughout the  
en t i re  s e a s o n .  The leve l s  of reduction however,  varied  in the  different s o i l s .  
Those  in which pH v a lu e s  were lowest  (S tanse l )  showed higher Eh v a lu e s  than 
th o s e  in which pH v a lu es  were h igher.  T h u s ,  no strong corre la tion w as  observed  
between Eh and pH v a lu e s  but a  loose  a s s o c ia t i o n  w a s  de tec ted  in individual 
c a s e s .  Corre la t ions  were not obse rved  between Eh and pH and other va r iab les  
measured  in the  course  of t h i s  work.
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IV .  F lu c tu a t io n  of F a t t y  A c id  C o n ce n t ra t io n s  in R ice  F i e l d s
A .  V ar ia t ion  of to ta l  fa tty  a c i d s .
T h e  fa t ty  a c id  da ta  ob ta ined  from r ice  f ie ld  s am p le s  in 1 9 6 3  s u g g e s t  a 
general  pa t te rn  of behavior for the  a c i d s ,  i . e . , an in it ia l  r i s e  in to ta l  a c id  
co n cen t ra t io n  fol lowed by a  d e c l in e  and then  an in c r e a s e  aga in  la t e  in the  
s e a s o n  to  a  high concen t ra t ion  ( F i g .  1 , 2 ) .  The  t im e  of o ccu r rence  of t h e s e  
high and low v a lu e s  do not a lw a y s  c o in c id e  in all of  the  soil s i t e s  but th e  t rend  
i s  marked in t h o s e  f i e ld s  where  a  su f f ic ien t  number of sam pl ings  w ere  m a d e .  
T h i s  pa t te rn  of behavior becomes c l e a r  when r e s u l t s  from the  individual  s i t e s  
a re  examined  for var ia t ion  in tota l  ac id  c o n c e n t r a t io n s  (Tab le  3 ) .
1 .  F o g e lm a n .  P l o t s  were  sampled  for a c i d s  a t  3  d if ferent t im es  in 
1 9 6 3 ,  beginning  2  d a y s  a f te r  f lood ing .  There  w a s  a  neg l ig ib le  amount in 
both the  A and B p lo t s  a t  the  in it ia l  s am pl ing .  However ,  7  d a y s  later total  
a c id s  in c r e a s e d  t r em en d o u s ly ,  reach ing  peak  v a lu e s  of . 0 4 0 5 8  and . 0 4 3 2 8  
m . e .  per 3 0  gms of w ater  s a tu ra te d  soil for the  A and B p l o t s ,  r e s p e c t i v e l y .  
The  th ird and l a s t  sampl ing a t  1 6  d a y s  after subm ergence  showed a  s ig n i f ic an t  
d e c l in e  in ac id  co n cen t ra t ion  in the  two p l o t s .  Although no fur ther s am ples  
were  taken  from t h i s  s i t e ,  the  in it ia l  r i s e  in concen t ra t ion  w a s  observed  a s  
well  a s  th e  s u b se q u e n t  dec l ine  in a c i d s .
2 .  D a v is .  T h i s  s i t e  w a s  sampled for a c i d s  4  t im e s  during the  1 9 6 3  
s e a s o n .  Ten d a y s  w a s  a l lowed to  p a s s  af te r  f looding before  s am p le s  were  
g a the red  from the  two p l o t s ,  co n se q u e n t ly  the  f i r s t  v a lu e s  were  ra the r  h igh .  
Concen tra t ion  in c re a s e d  in the  s eco n d  sampl ing a t  1 8  days  a f te r  f looding ,
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reach ed  a  low point 3 2  d ay s  a f te r  in unda t ion ,  and then  in c re a se d  aga in  in 
both the  A and B p lo ts  in the  final sampl ing a t  5 2  d ay s  a f te r  submergence  of 
the  s o i l . Concen tra t ion  of the  a c i d s  a s  a  whole  showed two maxima,  the  f i r s t  
a t  1 8  d a y s  and th e  s eco n d  a t  5 2  d a y s  af te r  f looding .
H ighes t  v a lu e s  for init ial  maxima were  . 1 0 9 5 6  and . 0 6 4 8 4  m . e .  per  
3 0  grams of w a te r  s a tu ra te d  s o i l ,  for the  A and B p l o t s ,  r e s p e c t iv e ly .  
Corresponding v a lu e s  for the  la te  s e a s o n  r i s e  in ac id  c oncen t ra t ion  were  
. 0 3 1 5 6  and . 0 2 5 4 0  m . e .
3 .  C af fey .  T h i s  soil exh ib i ted  the  same t rend  in fa tty  ac id  c o n c e n t r a ­
t ion  a s  the  o th e r s .  P l o t s  were  sampled  a t  5  d if ferent t im es  s tar t ing  7  days  
af te r  f looding of the  s o i l .  Total a c id  c oncen t ra t ion  in the  A plo t  in c re a se d  
be tween the  f i r s t  and second  sampl ing and then  d ec l in ed  a t  3 2  days  and  ro se  
aga in  a t  6 2  d a y s  af te r  f lood ing ,  fo llowed by a  final  drop 8 2  d ay s  af te r  f looding . 
The  B plo t  showed the  c h a r a c t e r i s t i c  maxima in a c id  c o n c e n t r a t io n ,  but dif fered 
from the  A plo t  in th e  t ime at  which they  a p p ea re d .  The  in it ial  maximum co n ­
cen t ra t ion  w a s  not ev id en t  in the  B plo t  until  the  th i rd  sampling and th e  la te  
s e a s o n  r i s e  in co n cen t ra t ion  did not occu r  until  the  final  reading a t  8 2  d a y s .
4 .  R ichard .  T h e s e  p lo t s  were  sampled  5  t im e s  during th e  1 9 6 3  r ice  
s e a s o n  and a c id  c o n ce n t r a t io n s  for the  B p lo t  are  shown in F igu re  1 .
5 .  Compton. T h i s  soil w a s  sampled  5  t im e s  from 9  to  7 1  d a y s  after 
f looding in the  1 9 6 3  r ice  s e a s o n .  Init ial  r e a d in g s  9  d a y s  a f te r  submergence  
showed a  high c oncen t ra t ion  of to ta l  a c id s  in both the  A and B p l o t s .  C o n ce n ­
t r a t io n s  in the  A plo t  d e c r e a se d  c o n t in u o u s ly  from an ex t rem ely  high initial
3 0
reading to  the  final sampling 7 1  d a y s  af te r  f lo od ing .  The B plo t  showed th e  
ea r ly  r i s e  in a c id  co n cen t ra t ion  followed by th e  usual d e c l i n e  and th e n  in c re a s e  
a g a in ,  a l though not to  t h e  same level  a s  in t h e  ear ly  part  of th e  s e a s o n .  T h i s  
second  maximum w a s  fo llowed by a  d e c l in e  in a c id  co n cen t ra t ion  a t  th e  final 
reading 7 1  d ay s  after su b m ergence .  Acid  v a l u e s  in the  A plo t  d e c l in ed  c o n ­
t in u o u s ly  throughout the  s e a s o n ,  but they  did not reach th e  low v a lu e  shown 
by the  B plo t  a t  the  3 0  day  s am pl ing ,  and th e re  w a s  l e s s  f luc tua t ion  in tha t  
a c id  co n cen t ra t io n  in th e  A p lo t  than  in the  B p lo t .
H ighes t  total  ac id  co n cen t ra t ion  in the  B plo t  were  , 0 5 8 0  and  . 0 4 7 4 4  
m . e .  pe r  3 0  grams of w a te r  s a tu r a te d  s o i l , correspond ing  to  th e  ea r ly  and l a t e  
s e a s o n  ac id  p e a k s .  The  in it ia l  va lue  for the  A plo t  w as  t h e  h i g h e s t ,  . 0 7 0 6 0  
m . e .  per 3 0  grams of w a te r  s a tu ra te d  s o i l .
6 .  W ild .  P l o t s  in th i s  s i t e  were  sampled  5  t im es  throughout 4 3  d ay s  
of subm ergence .  In g e n e ra l ,  to ta l  a c id s  fo l lowed  th e  trend  shown by the  o ther  
s i t e s ,  i , e . , of an ea r ly  and  a  l a t e  s e a s o n  r i s e .  F lu c tu a t io n s  in a c id  v a l u e s  in 
th e  B plo t  were  l e s s  pronounced than  t h o s e  in th e  A p lo t ,  p a r t icu la r ly  in regard  
to the  l a te  s e a s o n  i n c r e a s e .  The t iming of  th e  i n c re a s e  and  fall in c o n c e n t r a ­
t i o n s  did not c o in c id e  a t  th e  l a te  s e a s o n  maximum e i th e r .  However ,  t h e s e  p lo ts  
fell w i th in  the  general  pa t te rn  of f l u c tu a t io n s .  H ighes t  v a l u e s  for the  B plo t  
were  . 0 4 0 0 4  and . 0 4 1 8 0  m . e .  per 3 0  grams of w a te r  sa tu ra ted  soil for the  
ea r ly  and la te  s e a s o n  m ax im a ,  r e s p e c t i v e l y .  T h o s e  of the  A p lo t  w ere  . 0 3 5 9 2  
and . 0 1 0 8 8  m . e .  per 3 0  grams of w a te r  s a tu r a te d  s o i l ,  r e s p e c t iv e ly  for the  
in it ial  and  final r i s e  in total  ac id  c o n c e n t r a t i o n s .
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7 .  Byler.  Th is  s i te  w a s  sampled  at  5 9  and 7 2  days  after submergence .  
A ce t ic  ac id  w a s  p re sen t  in both of the  p lo ts  in q u an t i t i e s  comparable  to  those  
obta ined  in other so i l s  at  similar t im es  af ter f looding. Propionic  and butyric 
a c id s  were  a b s e n t .
8 .  P e t i t j e a n .  T h i s  s i t e  w as  sampled 5  t im es  in a  4 1  day per iod of 
s ubm ergence / and co n s i s te d  of one plot  which rece ived  no organic  matter 
supp lem en t .  The  ac id s  behaved in a  s t e p - w i s e  manner ,  showing an initial  
r i s e  in tota l  concentra t ion  7  to  1 3  d ay s  after f looding,  after which the re  w a s  
an in c re a s e  at  a  much s lower ra te  followed by a  rapid r i s e  at  the  final sampl ing .  
In general  th i s  soil behaved in keeping  with the f luc tua t ions  observed  for the  
other  s i t e s .
9 .  S t a n s e l .  Th is  w as  another plo t  s i t e  sampled during the  1 9 6 3  
s ea s o n  which did not rece ive  organic  m a t te r .  The  soil w a s  sampled 9  days  
after flooding and showed a con t inuous  r i s e  in ac id  concen tra t ion  from th i s  
initial va lue  to a  peak of . 0 5 1 7 4  m . e .  per  3 0  grams of water  sa tu ra ted  soil 
a t  1 8  d a y s .  The concen t ra t ions  of total a c id s  remained fairly high until the 
5 8  day sampl ing ,  af te r  which the re  w a s  a ra ther rapid dec l ine  to . 0 1 9 0 2  m . e .  
per 3 0  grams of water sa tu ra ted  soil a t  the  final sampling 7 9  days  after 
f looding.
V .  F lu c tu a t io n s  in Amounts  of the  Individual A c ids
A ce t ic  and propionic  a c id s  occurred commonly in all exper imental  s i t e s  
throughout the 1 9 6 3  r ice  s e a s o n .  Butyric acid  w a s  rare ly p re sen t  and then only
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in minute q u a n t i t i e s .  In alt so i l s  a ce t ic  ac id  w a s  the  most abundant ;  i t s  co n ­
cen t ra t ion  v a lu es  determining f luc tua t ions  in the  compounded v a lu e s  for all 
a c i d s .  Butyric ac id  in g enera l ,  w a s  not ev iden t  in any of the  s i t e s  until 
s ign i f ican t  amounts  of ace t ic  and propionic  a c id s  a p p ea re d ,  thus  butyric ac id  
v a lu e s  were a lw ays  a s s o c ia t e d  with high v a lu e s  of the  other  two a c i d s .
T h e  ap pea rance  of the  ea r ly  and la te  s ea so n  peak v a lu e s  a s  well a s  
the i r  corresponding lows var ied  from plot to p lo t .  In some p lo ts  the  patte rn  of 
f luc tua t ion  in ac id  concen t ra t ions  w a s  comple te  ( F ig .  1 ) .  In o th e r s ,  where 
sampling w a s  d iscont inued  premature ly ,  the  final dec l ine  w a s  not d e tec ted  
(F ig .  2 )  and the  l a s t  sampling showed high ac id  v a l u e s .
VI.  R esu l t s  of S ta t i s t i c a l  A n a ly s i s  of the  1 9 6 3  Acid Data
Simple corre la tion  co e f f ic ien t s  were c a lc u la te d  to eva lua te  the  s ign if i ­
c an c e  of apparent  r e la t ions  between con cen t ra t io n s  of propionic and a c e t i c  ac id s  
and be tween butyric and ace t ic  a c i d s .  R ep l ica te  v a lu e s  for all s i t e s  were com­
pounded from the  d a ta  to p rovide  a  higher degree  of r e l i a b i l i ty .  In th e  c a s e  of 
a ce t i c  and propionic ac ids  a corre la tion  coef f ic ien t  of + . 8 2 4  w as  ob ta in ed ,  
which proved to  be highly s ign i f ican t  a t  the  1 per cent  level of probab i l i ty .
The c o ef f ic ien t  for ace t ic  and butyric a c id s  w a s  + . 6 2 7 7 ,  which w a s  a lso  
highly  s ign if ican t  a t  the  1 per c e n t  level of p robabi l i ty .
R eg res s io n  coef f ic ien ts  were  a lso  ca lc u la te d  with a ce t ic  ac id  a s  the  
independent v a r i a b le .  The reg ress ion  coef f ic ien t  for a ce t ic  a g a in s t  propionic 
ac id  w a s  + . 3 0 9 4 .  Each mil I iequi va len t  in c re a s e  or d ec rea se  of a c e t i c  ac id
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c oncen t ra t ion  m e d ia t e s  a  correspond ing  in c re a s e  or d e c r e a s e  of . 3 0 9 4  
m i l l i eq u iv a le n t s  in propionic  a c i d .  The mean re g re s s io n  equat ion  c a l c u l a t e d  
from t h e s e  v a l u e s  was*.
Y =  . 3 0 9 4  X - . 0 0 8 1 1 ,  
where  Y r e p r e s e n t s  propionic  a c id  and  X a c e t i c  ac id  in m i l l i e q u iv a l e n t s .
The  r e g re s s io n  c o e f f ic ien t  for a c e t i c  a g a i n s t  butyric ac id  w a s  . 0 2 0 3 .
Each  m i l l i eq u iv a len t  in c r e a s e  or d e c r e a s e  in a c e t i c  ac id  ( independent  va r iab le )  
p roduces  a  corresponding  in c r e a s e  or d e c r e a s e  of . 0 2 0 3  m i l l i eq u iv a le n t s  in 
butyric  ac id  (dependent  v a r i a b le ) .  T he  re g re s s io n  equa t ion  in t h i s  e a s e  w a s :
Y' =  . 0 2 0 3  X + . 0 0 0 1 8 5 .
T h e s e  e q u a t io n s  permit  c a lc u la t io n  of theore t ica l  v a lu e s  for propionic  and butyric 
a c i d s  co rrespond ing  to a  g iven  amount of a c e t i c  a c i d .
V II .  F a t t y  Acid  Conten t  of F lo o d  W ate r  in R ice  F i e l d s
S a m p le s  of f lood w ater  taken  at  d if ferent in te rv a l s  from three  s i t e s  were  
a n a ly z e d  for fa t ty  a c i d s  in the  same manner  a s  the  soil s a m p l e s .  The  r e s u l t s  
show th a t  a c e t i c  and  propionic  a c i d s ,  and to a  much l e s s e r  ex ten t  butyric ac id  
were  p r e s e n t  in t h e  w a te r .  C o n cen t ra t io n s  were  approx im ate ly  1 / 1 5  of  t h o s e  of 
th e  co rrespond ing  soil s i t e s  and the i r  f lu c tu a t io n s  were  s imi la r  to t h o s e  in so i l .  
However ,  c oncen t ra t ion  c h a n g e s  in water  were  not a s  abrupt a s  in the  soil and  
t h e  v a lu e s  throughout the  s e a s o n  were  more s t a b l e .
No a t tem pt  waS made to a s c e r t a in  th e  origin of a c i d s  in the  flood water  
but the  d a ta  in d ic a te  t h a t  they  have  d i f fused  up from th e  soil below and may have
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the i r  origin in mic robio logica l  ac t iv i ty  in submerged s o i l .  R e s u l t s  from the  
individual sampling  s i t e s  are  p re sen te d  (Tab le  9 ) .  The d a ta  in d ica te  a  c o r r e l a ­
t ion between soil a c id s  and  th o s e  found in the  flood w a te r  but are in su f f ic ien t  
for cor re la t ion  a n a l y s i s .
VIII .  R e la t io n  Between Soi l  Depth and  F a t ty  Acid  Concentra t ion
in Rice  S o i l s
Sampling a t  d i f fe ren t  d e p th s  w a s  performed in some of the  exper imenta l  
s i t e s  to de te rmine  w he ther  there  w a s  a  depth grad ien t  d is t r ibu t ion  of a c id s  in 
the  s o i l . A l imited  number of de te rm ina t ions  of t h i s  k ind w a s  performed in the  
W i ld ,  Com pton ,  F o g e lm a n ,  D av is  and P e t i t j e a n  s i t e s  ( T a b le s  1 0 ,  1 1 ) .  Data 
on pH and  Eh w ere  a l so  in c lu d ed .
It is  of i n t e r e s t  t h a t  the  0 - 1 / 2  inch soil layer  of th e  D av is ,  Compton and 
Foge lm an  s i t e s  co n ta in ed  higher c o n c e n t r a t io n s  of total a c i d s  than th e  deeper  
layers ;  on the  other h a n d ,  a c id s  were  more abundan t  in the  1 / 2 - 4 . 3  inch layer  
in th e  Wild  and P e t i t j e a n  s i t e s  than  on the  upper layer of s o i l ,  a l though the  
d i f f e r en c es  were  s l ig h t .
A c e t i c  ac id  w a s  the  predominant  acid ;  propionic  acid  w a s  more abundant  
in th e  upper  laye*- of the  P e t i t j e a n ,  F oge lm an  and  Davis  s i t e s  but w a s  p re s e n t  in 
smal le r  q u a n t i t i e s  a t  the  0 - 1 / 2  inch level  in the  Compton and Wild  p lo t s .  
Butyric ac id  w a s  e i the r  a b se n t  or p re sen t  in t r a c e  amounts  and  then only  in the  
upper layer  of s o i l ,  e x ce p t  for t h e  Davis  soil in which it w a s  more abundan t  a t  
th e  1 / 2  to  4 . 3  inch l a y e r .
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Although the  number of sam ples  w a s  l im i ted ,  the  d a ta  ind ica te  higher 
concentra t ion  of a c id s  and a  lower pH in the  upper 0  to 1 / 2  inch layer  of the  
submerged s o i l s  than a t  1 / 2  to 4 . 3  i n c h e s .
IX. The Ef fec t  of Tempera ture  on the  D isappearance  of F a t ty  Ac ids
in F looded  R ice  S o i l s
A laboratory exper iment w a s  de s igned  to s ee  if the  dec l ine  of a c id s  in 
r ice  f i e ld s  could  be re la ted  to  tem pera ture .  S o i l s  from th e  Wild  and Richard 
p lo ts  were  c o l l e c t e d .  The Wild soil w a s  co l le c ted  when it had a lready been 
submerged for 1 8  d a y s ,  so a s  to r ep re sen t  a recen t ly  flooded soil ;  the  Richard 
soil on the  other hand ,  had been submerged 8 9  d ay s  when it w a s  taken to the  
labora to ry .  T h e s e  s o i l s  rece ived  a  total of 1 6  m . e .  of all a c i d s ,  compris ing 
4  m . e .  of formic,  a c e t i c ,  propionic and butyric a c i d s ,  r e s p e c t iv e ly .  The ja r s  
conta ining the t rea tm en ts  were incubated  at  t em pera tu res  of 2 3 ° C  and 3 0 ° C  
and the re  w as  a check  without a c id s  a t  each  temperature  (T ab les  1 2 ,  1 3 ,  1 4 ,  
1 5 ) .  The t rea tm en ts  were  sampled at 9  d ay s  in the  Wild  soil and a t  8  days  in 
the  Richard  s o i l .  Nematode c oun ts  showed no apprec iab le  d i f fe rences  between 
the  2  t em p e ra tu res .  A n a ly se s  of a c id s  showed a  d ras t ic  reduction in the 
amounts  of butyric and propionic a c id s  at both tem pera tu res  and s o i l s  t e s t e d  but 
a ce t i c  ac id  varied the  l e a s t  and w a s  found in g rea ter  co ncen t ra t ions  than  the  
o ther  a c i d s .  Formic ac id  d i sappeared  from all s o i l s  at  both tem pera tu res .  In 
general  all of the  a c id s  were reduced in concen t ra t ions  a t  both temperatures*  
L o s s e s  in general  were grea te r a t  the  higher tempera ture  and the re  were  no ap p re ­
c iab le  d i f fe rences  between Wild and Richard  so i l s  in the  d i sap p ea ran ce  of a c i d s .
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X . The  E f fec t  of Corn Meal A dd i t ions  on Soil  A n a e ro b io s i s
An exper im ent  w a s  conduc ted  to  de termine  th e  e f fec t  of a  supp lem en t  of 
e a s i l y  o x id iz a b le  organic  matter  to a  submerged soil in th e  g r e e n h o u s e .  F ou r  
p o ts  w ere  f i l led  with 1 4 . 3 7  K g s .  e ach  of p a s tu r e  soil from th e  R ichard  s i t e .
Two p o ts  re c e iv e d  no t r ea tm en t  and  were  u s e d  a s  c h e c k s ;  the  o ther two p o ts  
re c e iv e d  corn meal a t  1 0  to n s  pe r  a c r e .  Nematode c o u n t s  taken  prior to f lood ­
ing w a s  u s ed  a s  a  b a se  level in in te rpre ting  r e s u l t s .  T he  p o t s  w ere  f looded and 
then  sampled  a t  3 ,  4 ,  and  9  d a y s  in th e  same manner  a s  th e  fie ld  s i t e s .  The 
s am p le s  were a l s o  a n a ly z e d  for t h e  same v a r i a b l e s  a s  in t h e  fie ld  s a m p l e s .
The  r e s u l t s  a re  summarized  in T a b le s  6 ,  7 ,  8 ,  and  F i g u r e s  7  and 8 .
A c e t i c ,  p rop ion ic ,  and  butyric  a c i d s  w ere  p r e s e n t .  P ropionic  acid  and 
pa r t i cu la r ly  butyric ac id  were p re s e n t  in c o n s id e ra b ly  la rger  amounts  in the  
corn  meal po ts  than  in f ie ld  s am p le s  or in check  p o ts  of t h i s  exper im en t .  T h i s  
i s  s ign i f ic an t  b e c a u s e  it i s  t h e s e  two a c i d s  t h a t  a re  m os t  a c t i v e  a g a in s t  nem a­
t o d e s  ( 2 8 ,  2 9 ) .  When the  v a l u e s  of t h e s e  a c i d s  were  compared with  number 
of n em atodes  th roughout  th e  9  day  sampl ing period ( F ig .  7 ,  8 ) ,  a  pronounced 
in v e rse  re la t io n sh ip  emerged for the  p o t s  rece iv ing  corn m e a l .  Nematodes  in ­
c r e a s e d  in number in t h e  check  p o t s .  A c id s  in t h e  t r e a ted  p o t s  began to in c r e a s e  
in an a lm os t  exponent ia l  fa sh ion  a s  ea r ly  a s  3  d a y s  after f looding and  a t  all 
t im e s  th e y  were  higher than  in the  check  p o t s .  Butyric a c id  w a s  p re s e n t  in the  
t r e a te d  p o ts  in la rger amounts  than  propionic  a c id .  T h i s  c o n t r a s t s  a l so  with the  
d a ta  ob ta ined  from th e  check  p o ts  and f ie ld  s am p les  where  propionic  w as  more 
abundan t  than  butyric a c i d .  T he  ra te  of in c r e a s e  of a c id s  in the  corn meal
t rea tm en ts  w as  g re a te s t  in the  f i r s t  4  d ay s  af te r  f looding . All were a t  h ighes t  
concen t ra t ions  in the  l a s t  sampling.  The ra te  of acid  production in the  check 
po ts  w as  a t  all t im es  cons ide rab ly  lower than in the  t r ea ted  p o ts .
Numbers of anaerobic  spore forming bac te r ia  inc reased  in an exponential  
fashion in the  corn meal po ts  (Table  8 )  and w a s  corre la ted  with the  in c re a s e  of 
fa tty ac id s  in t h e se  p o t s .  The ra te  of growth of t h e s e  bac te r ia  in the check  pots  
w a s  not a s  pronounced a s  in the  other  t re a tm en ts  a lthough the ir  numbers in the  
f irst  sampling w as  smal le r in the  corn meal t rea tm en ts  than in the  c h e c k s .
The  bacteria l  population in both the  t r ea ted  and nontrea ted  po ts  w a s  
composed of e s s e n t i a l l y  the  same s p e c i e s ,  a s  l i s t e d .
1 .  Clostrid ium amylosaccharobuty tpropylicum Beesch  and L eg g ,  1 9 4 7 .
2 .  C l .  butyl Icum Donker,  1 9 2 6
3 .  C l .  butyricum P razm ow sk i ,  1 8 8 0 .
4 .  Cl.  pasteurianum W inogradsky ,  1 8 9 5 .
No at tempt w a s  made to de termine what pe rcen tage  of the  bacter ia l  popula­
t ion w as  composed of each  of the  s p e c i e s  identif ied; however ,  th e  fac t  tha t  
butyric ac id  w a s  the  most abundant ac id  in the  t rea ted  p o t s ,  s u g g e s t s  th a t  C l . 
butyricum could  have been the  most abundant bacteria l  s p e c i e s .  Th is  bacterium 
i s  known to be favored in i t s  growth by the  p re sen c e  of corn meal ( 7 ) .  On the  
other  hand ,  th e  p re sen ce  of butyric ac id  cannot  be so le ly  a sc r ibed  to th i s  
bacterium s in ce  all o ther bacterial  s p e c i e s  identi fied  in t h i s  exper iment a l so  
produce i t ,  al though in smaller amounts .  C l .  butyl icum w as  i so la ted  only from 
a  nontrea ted  po t .
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T h e s e  r e s u l t s  expla in  the  a b se n c e  of large nemic popula t ions  in so i l s  
conta in ing  ox id izab le  forms of organic  matte r such a s  green manure or decom­
posing remains  of veg e ta t io n .  The quick kil l ing of nematodes  by propionic and 
butyric a c id s  in high co ncen t ra t ions  should be d i f feren tia ted  from the s low kill 
observed  in r ice  f i e ld s .  S in ce  con cen t ra t io n s  of t h e s e  a c id s  in r ice  f i e ld s  are 
su b le th a l ,  their d irec t  e f fec ts  on nematodes  are neg l ig ib le  or a b s e n t .  Nematicidal 
act ion could  be v i su a l iz e d  only in spec ia l  c a s e s  and l imited to f ie lds  with high 
organic matte r conta ining suff ic ien t q u a n t i t i e s  of readily  av a i l ab le  com ponen ts .
XI.  The  Anaerobic  Spore Forming Bacter ia  in Submerged R ice  S o i l s :
Their  Numbers,  Isola tion and Ident if ica tion
A .  F lu c tu a t io n  in the  s ize  of the  bacteria l  popu la t ion .
The  number of s tarch fermenting anaerobic  spore forming bac te r ia  in the  
1 9 6 3  experimental  s i t e s  w as  determined throughout the  r ice  sea so n  by their  
i so la t ion  to  a  modified Winogradsky medium high in dex t rose  and conta in ing  a 
pota to  infusion ( 3 ) .  The  purpose  of th i s  work w as  to show a  p o s s ib le  r e la t io n ­
ship in the  soil between numbers of bac te r ia  t h a t  would grow in such a medium 
and th e  fat ty  a c i d s .  Dilution tube  c oun ts  were  performed under anaerobic  con­
d i t ions  from an a liquot of soil removed a t  each sampl ing .
The  cho ice  of a medium high in s tarch  and dex trose  for inocula tion  with 
spores  of soil bacte r ia  l imited th e  bacteria l  c oun ts  to th o se  s p e c i e s  cap ab le  of 
metaboliz ing such m a te r ia l s  and precluded the  growth of other anaerob ic  spore 
forming bac te r ia  found in s o i l . Carbon sou rces  u sed  in the  medium were  forms
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of e a s i l y  o x id izab le  organic  matter  th a t  a re  known to be p r e s e n t  in soil in 
small a m o u n ts .  Large  number of microbia l  s p e c i e s  are  c a p a b le  of a t t a ck ing  
such m a te r ia l s  in well ae ra ted  s o i l s  ( 2 ,  7 7 )  but the  degrada t ion  of s u g a r s ,  
s t a r c h e s ,  and s imilar m a te r i a l s  in submerged so i l s  p ro c e ed s  a t  a  s lower  ra te  
and  i s  l imited  to fewer bacte ria l  s p e c i e s .  The lower fa tty  a c i d s  are  the  common 
end p roduc ts  of  t h i s  a n ae ro b io s i s ;  the i r  kind and proport ion varying in acco rd an ce  
with the  anaerob ic  and facu l ta t iv e  bacteria l  s p e c i e s  p r e s e n t .  The  kind and 
amount of organic  m at te r  p re sen t  in the  soil prior to  submergence  i s  of the  
u tm ost importance  in determining which s p e c i e s  of b a c te r ia  shall  p redominate  
in th e  flooded environment.
Clost rid ium butyricum, a  bacterium producing la rge  amounts  of butyric 
a c id  from s t a r c h e s  and sugars  had  been found an t ib io t ic  a g a in s t  nem atodes  in 
flooded s o i l s  ( 2 8 ) .  It h a s  a l s o  been found th a t  propionic  and butyric a c id s  
produced  by th i s  s p e c i e s  were  to x ic  to  n em atodes  ( 2 9 ) .  T h e s e  f ind ings  in d i ­
c a te d  th e  n e c e s s i t y  of developing  a  method for counting th i s  bacterium and 
re la ted  s p e c i e s  which a l s o  produce  t h e s e  a c i d s  in t h e  soil ( 4 7 ) .  In a  pre liminary  
g reen h o u se  exper im ent (T a b le s  6 ,  7 ,  8 ,  and  F i g .  7 ,  8 )  four bacte r ia l  s p e c i e s  
w ere  c o n n ec te d  with the  production of r e la t iv e ly  high amounts  of bu ty r ic ,  
p ropionic  and a c e t i c  a c i d s ,  and th e  mixture of butyric and  propionic  a c id s  
w a s  found inve rse ly  r e la ted  to  nematode  numbers  in th e  t r e a tm en ts  supplem ented  
with  corn m e a l .
Bacte ria l  c o u n ts  from th e  1 9 6 3  fie ld  s i t e s  are  in T a b le  4  and  F ig u re  6 .
In g e n e r a l ,  the  h ig h es t  number of anae rob ic  spore  forming bac te r ia  i s o la te d  from
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r ice  f i e ld s  occurred  during the  f i r s t  1 0  d a y s  of su b m ergence .  T h i s  i s  in 
agreement  with the  nutri t ional requ irem ents  of t h e s e  b a c te r i a  s in ce  the i r  carbon 
s o u rc e s  are  qu ick ly  e x h au s te d  in the  s o i l .  However ,  t h e s e  b ac te r ia  are  s t r ic t  
a n ae ro b e s  and  if th e i r  growth were  a r re s t ed  a l so  by t h e  p r e s e n c e  of oxygen the ir  
numbers  would  be in v e rse ly  r e l a t e d  to c o n ce n t r a t io n s  of t h i s  g a s .  Oxygen w a s  
m easu red  in th e  labora tory  in exper im en ts  which c l o s e l y  dup l ic a ted  cond i t ions  
in r ice  f i e ld s  with b ro ad cas t  p lan t ing  (T ab le  1 7 ) .  L e v e l s  of oxygen in t h e s e  
expe r im en t s  were  found comparab le  to th o s e  occurring in w ater  he ld  in a ir  in the  
labora tory .  Although no oxygen m easu rem en ts  were  made  in the  f i e ld ,  it  is  
e v id en t  th a t  insofar  a s  f ie ld  co n d i t io n s  w ere  r e a l i z e d ,  the  d e c l in e  of  anaerob ic  
b a c te r i a  could  be r e l a t e d  to th e  p r e s e n c e  of oxygen in the  r ice  f ie ld  s i t e s .  C on­
firmat ion of t h i s  theory  will n e c e s s i t a t e  oxygen m easu rem en ts  in the  f ie ld .
B .  The iden t i ty  of bacteria l  i s o l a t e s  from soil s am p le s  t aken  from fie ld  
s i t e s  during th e  1 9 6 3  rice  s e a s o n .
Bacte ria l  s p e c i e s  from the  nine r ice  fie ld  s i t e s  in 1 9 6 3  were:
1* Clost rid ium ace tobuty l icum M cCoy e t  a l ,  1 9 2 6 .
2 .  C L  am y lo sacch a ro  butyl propyl icum B eesch  and L e g g ,  1 9 4 7 .
3 .  C L  butyl icum Donker 1 9 2 6 .
4 .  C L  butyricum P ra z m o w s k i ,  1 8 8 0 .
5 .  C L  pas teur ianum W in o g ra d sk y ,  1 8 9 5 .
6 .  C L  roseum McCoy and M cC lu n g ,  1 9 3 5 .
The  f i r s t  f ive s p e c i e s  were  p r e s e n t  ra ther  abundant ly  in all s o i l s  throughout 
the  growing s e a s o n ,  C l . roseum on the  o ther h a n d ,  w a s  found only in the  Davis
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soil a t  the  second  sampl ing.  Identi ty of some of the  i s o l a t e s  w a s  not e s t a b l i s h e d .  
The anaerobic  bacterial  f lora in the  s i t e s  can hardly  be l imited to 5  s p e c i e s  or 
even to anaerobic  spore formers .  The u se  of a  te chn ique  which w as  highly 
spec i f ic  for anaerobic  spore  forming s tarch  fermenting bacter ia  prec luded the  
p re sen c e  of other  an ae robes  which may have been common in t h e se  s o i l s .  In 
order to obtain a  more comple te  pic tu re  of the  bacteria l  soil f lora at  a  pa r t icu la r  
t im e ,  dif ferent t e c h n iq u e s  and media  would be required .  The p re sen ce  of t h e s e  
s ta rch  fermenting s p e c i e s  se rves  a s  confirmatory ev id en ce  of the  origin of the  
lower fa tty  a c i d s .  There  may be o ther producers  of  such ac id s  under submerged 
r ice  field co n d i t io n s ,  par t icu lar ly  among the  anaerobic  nonspore forming bac te r ia .
XII.  The Effect  of Flooding on Nematodes in L ou i s iana  R ice  F i e ld s
P la n t  p a r a s i t e s  a s  well a s  total f r ee - l iv ing  nematodes  were  counted at all 
sampling d a t e s  from nine fie ld s i t e s  during the  1 9 6 3  rice  s e a s o n .  Nematode 
numbers dec l ined  in general  a s  t ime after f looding in c re a s e d .  In most  c a s e s ,  
how ever ,  the  dec l ine  in numbers ,  i l lu s t ra ted  by da ta  from the  Richard or 
Caffey (B) p lo ts  w as  slow from the beginning and  continued  throughout the  enti re  
r ice  sea so n  (F ig .  3 ,  4 ,  5 ) .
Inc rease  of nematode numbers w as  observed  in some so i l s  a t  1 0 - 1 5  days  
af ter flooding; th i s  inc rease  co inc ided  with the  app l ica t ion  of f e r t i l ize r .  Increase  
in the  number of r ice  roo ts  would re su l t  in an in c rease  of the  feeding a r e a  for 
nem atodes .
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F luc tua t ion  in numbers of p lan t  p a ra s i t i c  nem atodes  in general  followed 
t rends  for total  nematodes  although va r ia t ions  in numbers of plant p a r a s i t e s  were 
more e r ra t i c .
XIII . S ta t i s t i c a l  A n a ly s i s  of the  1 9 6 3  Nematode F ie ld  Data
A corre la t ion  coef f ic ien t  of - . 4 6  w a s  obta ined  by re la t ing  nematode 
numbers to days  after f looding. T h is  coef f ic ien t  w as  highly s ign if ican t  a t  the 
1 per c e n t  level of probabil i ty  ind ica ted  a defin ite  a s s o c ia t i o n  between the  two 
v a r i a b le s .
Comparisons  were made be tween the  pe rcen tage  d e c r e a se  in numbers of 
p lan t  p a r a s i t e s  and total  nematodes  (Table  5 ) .  A more rapid dec l ine  of plant 
p a r a s i t e s  occurred when the  h ighes t  number of nematodes  in the  f i r s t  two 
sampl ings  of each  soil w a s  u sed  a s  a  base  l in e .  The slower  decl ine  of total  
nematodes  i s  be l ieved  due to the  high proportion of s ap rozo ic s  and the i r  higher 
apparent r e s i s t a n c e  to tox ic  s u b s t a n c e s  ( 2 2 ,  2 3 ) .
XIV. V ar iab i l i ty  in P o p u la t io n s  of Individual S p e c i e s  of 
Nematodes During the  1 9 6 3  Rice  S e a so n
S p e c i e s  of p lan t  p a ra s i t i c  nem atodes  were  determined in all sampl ings  in 
order to learn more about  f luc tua t ions  in th e i r  numbers .  P o p u la t io n s  of T .  mar tin i ,  
R .  o r y z a e , Hel ico ty lenchus  ery thrinae  (Zimmermann, 1 9 0 4 )  Golden 1 9 5 6 ,  
Cr iconemoides  s p . ,  and P ra ty len c h u s  zeae  Graham 1 9 5 1 ,  were encoun te red .
T_. martini and R .  oryzae  were p re sen t  commonly throughout the  s e a s o n ,  whereas
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the  o ther  3  s p e c i e s  d isappeared  ear ly  in the  s e a s o n ,  u su a l ly  before the  third 
sampl ing .  P opu la t ions  of s p e c ie s  of Cr iconemoides  recovered quickly  after 
dra inage  of the  soil in r ice  f i e l d s ,  sugges t ing  tha t  the  e g g s  p e r s i s t e d  through 
the  flooding per iod .  The fact  tha t  th i s  nematode w a s  abundant in r ice  so i l s  
of pa s tu re  p h a s e s  in th r e e - y e a r  ro ta t ions  support  the  r ice  fie ld  d a ta .  Spiral  
and les ton  nematode popula t ions  recovered  a lso  after dra inage  of f i e ld s ,  but not 
to the  same degree  a s  Cr iconemoides  s p .  T .  martini and R .  oryzae  were found 
commonly in the  r ice  a rea  in both flooded and drained s o i l s .
XV. Labora tory  A s s a y  of F a t ty  A c ids  and Su l f ides  A ga ins t  Nematodes
The  slow decl ine  of nematode popula t ions  in rice  f ie lds  and the  patte rn  of 
fa tty  acid  con cen t ra t io n s  at uniformly low le v e l s  e l imina ted  for the  most part  any 
p o s s ib i l i ty  of d i rec t  an t ib io t ic  e f fec t s  of a c id s  a g a in s t  nematodes  under L ou i s iana  
rice  fie ld  c o n d i t io n s .  T h i s  w as  confirmed by in vitro t e s t s ,  in which water  
so lu t ions  of the  a c id s  a t  concen t ra t ions  comparable  to th o se  found in the  fie ld  
and ad jus ted  to pH le v e l s  equ iva len t  to t h o s e  in rice  s o i l s ,  were u sed  a g a in s t  
swarming popula t ions  of T .  martin i .  A number of such t e s t s  conducted  under 
both aerobic  and anaerobic  cond i t ions  demonstrated  th a t  r i ce  fie ld a c id s  had no 
e f fec t  on the  nem atodes .
The p re sen ce  of a  black layer near  the  surface  of submerged rice  soil w as  
observed  in laboratory exper im en ts .  T h i s  layer  appeared  commonly a f t e r  2 
w e ek s  incubat ion and w a s  followed c lo se ly  by an i r i d e s c e n t ,  ru s t -co lo red
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p e l l i c l e  on w a te r  and soil s u r f a c e s .  A n a l y s e s  of t h e  black layer  and  of the  
p e l l i c l e  showed th a t  the  former w a s  very rich  in metal  su l f id e s  whi le  the  la t te r  
w a s  com posed  primari ly of  o x ides  of iron .  The l e v e l s  and  ty p es  of a c i d s  m a in ­
ta in e d  in r ice  f i e ld s  th roughout the  growing s e a s o n ,  the  c h a r a c t e r i s t i c  slow 
d e c l in e  of nematode p o pu la t ions  in r ice  f i e l d s ,  the  fa i lu re  of a c id s  in fie ld  
m ix tu res  and  c o n c e n t r a t io n s  to  kill nem atodes  in v i t r o , coup led  with o b s e r v a ­
t io n s  on t rans fo rm a t ions  o f  su l f id e s  and iron in r i c e  s o i l s  s u g g es te d  th a t  hydrogen 
su l f ide  might  be th e  long sought  an t ib io t ic  fa c to r .  The p r e s e n c e  of hydrogen 
su l f ide  in r ice  f i e ld s  had been repor ted  by severa l  w orke rs  ( 4 8 ) ;  in some c a s e s  
in connec t ion  with  phys io log ica l  d i s e a s e s  of r ice  ( 4 4 ) .
P re l im inary  t e s t s  with w a te r  s o lu t io n s  of hydrogen su l f ide  ranging from 
2 7  to 3 1 4  ppm, in which swarms of T .  martini w ere  incuba ted  in s e a l e d  v i a l s  
for varying pe r io d s  of t im e ,  re su l ted  in dea th  of th e  n e m a to d es .  Time of e x ­
posu re  to  the  so lu t ion  w a s  an important f a c to r .  A fur ther t e s t  w a s  conduc ted  with 
water  s o lu t io n s  o f  hydrogen su l f ide  a t  c o n c e n t r a t io n s  of 6 2 . 7 ,  3 2 . 7 ,  1 6 . 4  
and 9 . 3  ppm. Sw arm s of T .  martini were  put in 5  ml v i a l s  con ta in ing  th e  so lu ­
t io n s  and  capped ;  check  v i a l s  c o n ta in ed  d i s t i l l e d  w a te r .  Nematodes  were  ob ­
served  for mobil i ty  a t  di fferent i n t e rv a l s  of t im e .  R e s u l t s  in te rm s  of t ime 
required  for 1 0 0  per c e n t  kill are  in F igu re  9 .
A s  a  further s tep  in t h e s e  labora to ry  t r i a l s ,  the  ac t ion  of fa t ty  a c id s  at  
f ie ld  c o n ce n t r a t io n s  on ferrous  su l f ide  w a s  s tu d ie d .  A t e s t  w a s  prepared  with 
one  s e r i e s  con ta in ing  mix tures  of a c e t i c ,  propionic  and butyric a c i d s  a t  co n ­
c e n t r a t i o n s  of 1 9 6 ,  3 6 ,  and 8  ppm, r e s p e c t i v e l y .  A s eco n d  s e r i e s  w a s
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prepared  in which f ine ly-ground  ferrous  su l f ide  w a s  added  in e x c e s s  to t h e se  
ac id  so lu t io n s .  F in a l ly  each  s e r i e s  w a s  d iv ided  into two t r e a tm en ts  and  the i r  
pH le v e l s  were  a d ju s t e d  to 3 . 5  and 7 . 0  with HCI and  NaOH. Each tr ea tm ent  
w a s  re p l ic a ted  in 8  v i a l s .  V ia l s  were  inocu la ted  each  With 3 - 4  t h o u s a n d  
ind iv idua ls  in swarm s of  T .  m ar t in i .  O b se rv a t io n s  a t  8 6  hours  showed tha t  
n em ato d es  were  k i l led  by the  ferrous  su l f ide  t r ea tm en t  a t  pH 3 . 5 .  Twelve  days  
exposu re  r e s u l t e d  in the  death  of nem ato d es  in the  ac id  t r ea tm en t  a t  pH 3 . 5  but 
not a t  pH 7 . 0 .
An addit ional t e s t  of fe r rous  su l f ide  a t  pH l e v e l s  ranging from 3 . 4  to 
6 . 4  in c i t r a t e - p h o s p h a te  buffer (9 )  and incuba ted  under both aerob ic  and 
anae rob ic  c o n d i t io n s  showed th a t  fe rrous  su l f ide  w a s  tox ic  to T .  martini  a t  all 
pH l e v e l s  under anaerob ic  co n d i t io n s  and a t  pH 3 . 5  under ae rob ic  c o n d i t io n s .
XVI. Determinat ion cf Hydrogen Su lf ide  in Submerged R ice  S o i l s  in 1 9 6 4
S u l f id e s  a re  known to  r e s u l t  from th e  a c t i v i t i e s  of Desulfovibrio  s p .  and  
some of the  anae rob ic  he tero t rophic  b a c te r ia  decomposing organic  sulfur in 
organic  m a t t e r .  Hydrogen sulf ide  can  r e s u l t  from the  d i rec t  ac t ion  of Desulfovibrio 
s p .  on s u l f a t e s  or from th e  in te rac t ion  of fa t ty  a c i d s  with metal  su l f id e s  ( 4 0 ) .  
Hydrogen su l f ide  de te rm ina t ions  were  made on soil s am ples  removed from 3  fie ld  
s i t e s  during th e  1 9 6 4  r ice  s e a s o n  ( F ig .  1 0 ) .  There  were  c o n s t a n t  i n c r e a s e s  in 
hydrogen su l f ide  beginning 5 - 7  d a y s  a f te r  f looding in th e  3  p l o t s .  L e v e l s  of 
hydrogen su l f ide  ranged from 1 0  to 4 0  ppm a t  th e  end of the  s e a s o n ,  a t  1 3 6
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d a y s  after f lood ing .  Nematode numbers  w ere  inve rse ly  proport ional to c o n c e n ­
t r a t io n s  of hydrogen s u l f id e .
XVII.  The  R e la t io n sh ip  of Oxygen to  the  Decl ine  of Nematode 
P o p u la t io n s  in R ice  F i e l d s
T h e  e a r l i e s t  exp lana t ion  for the  d e c r e a s e  of nematode  p o pu la t ions  in 
submerged s o i l s  w a s  drowning of t h e  n em as  c a u s e d  by lack  of oxygen ( 8 ,  1 3 ,  
2 4 ) .  T h i s  w a s  g enera l ly  a c c e p te d  but never  p roved .  T h e  labora tory  e x p e r i ­
m en ts  of Van Gundy, S to l z y  and cow orkers  ( 5 8 ,  7 4 ,  7 5 ) ,  sub jec t ing  nem atodes  
in soil to  d if ferent l e v e l s  of ox y g en ,  l ended  support  to t h i s  e x p lan a t io n .  Holl is  
and J o h n s to n  and J o h n s to n  ( 1 9 ,  2 6 ,  2 8 )  c o n n ec te d  the  d e c l in e  of nem atodes  
in r i c e  f i e ld s  with an t ib io t ic  f a c t o r s ,  th u s  throwing doubt on the  oxygen d e p le ­
t ion  th eo ry .  E xper im en ts  were  run in the  p r e s e n t  work to de te rm ine  level of 
oxygen ,  both in vitro  and  in f looded r ice  s o i l , and i t s  ro le  if a n y ,  in mainta in ing 
v iab i l i ty  of T .  martini in v i t r o . A tm o sp h eres  of carbon d io x id e ,  n i t rogen ,  and 
hydrogen were  e s t a b l i s h e d  over nematode  s u s p e n s i o n s  and the  a b s e n c e  o f  oxygen 
confirmed pe r iod ica l ly  by m e an s  of chronoamperometr ic  m easu rem en ts  with  an 
o s c i l l o s c o p e  and  platinum e l e c t r o d e s  in se r ted  in s u s p e n s i o n s  in th e  f l a s k s .  
Oxygen w a s  shown to be a b s e n t  th roughout t h e s e  t e s t s .  The  f l a s k s  were  opened  
after 1 4  days  and  th e  n em atodes  were  o bse rved  for v ia b i l i t y .  T h o se  su b je c te d  to 
a  carbon  d ioxide  a tm osphere  were  found inmobi l ized  but l a t e r  th e y  recovered  and 
showed a  m orta l i ty  of abou t  2 0  per c e n t .  Nematodes  in th e  ni trogen  and  hydrogen 
t r ea tm en ts  were  u n a f fe c t e d .  T h e s e  r e s u l t s  w ere  a t  v a r ian ce  with t h o s e  of Van 
Gundy e t  al ( 7 4 ) .  However ,  it w a s  recogn ized  th a t  e f fec t iv e  eva lu a t io n  of  the
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ro le  of oxygen in flooded rice  s o i l s  would require  a s s e s s m e n t  of oxygen at 
di fferent dep ths  in f looded r ice  s o i l s  over a  period of t im e .
T h e  e f f e c t s  of r ice  roo ts  on o x id a t io n - r ed u c t io n  p o te n t i a l s  h a s  been 
reported ( 4 ,  4 8 ) ,  and co n n ec te d  with the  ab i l i ty  of r ice  p l a n t s  to  t ranspo r t  
and  to  r e l e a s e  oxygen to th e  roo ts  ( 5 0 ,  7 6 ) .  Oxygen in r ice  s o i l s  should  
r e s u l t  in a  d e p r e s s iv e  e f fec t  on the  anae rob ic  soil mic rof lora  r e s p o n s ib le  for 
th e  f o m a t i o n  of th e  organic  a c i d s  and s u l f id e s  a c t i v e  a g a in s t  n e m a t o d e s .  T h i s  
cou ld  t h u s  acc o u n t  in par t  for the  p r e s e n c e  of reduced  p o p u la t io n s  of nem atodes  
in r i c e  s o i l s  con ta in ing  lethal  c o n c e n t r a t io n s  of hydrogen s u l f id e .
A c e l l u lo s e  n i t ra te  cy l inde r  2 4  x 5 . 5  in c h e s  w a s  p acked  with  Wild  soil 
from th e  1 9 6 3  p lo t ,  f looded ,  p lan ted  to  Blue bonnet* J O  r ice  after d ra inage  
then  re f looded .  P a i r s  of platinum m ic ro e lec t ro d es  were  in se r ted  l a t e r a l ly  in 
th e  cy l inde r  a t  d e p th s  of 0 ,  3 ,  5 ,  9 . 5 ,  and 1 5  cm s  from the  soil upper 
su r f a c e .  Oxygen w a s  m easu red  chronoamperometr ica l ly  by u t i l i z ing  an 
o s c i l l o s c o p e ,  in a c c o rd a n ce  with m ethods  d e sc r ib e d  by Lem on ,  L in g an e  and 
W i l ley  ( 3 3 ,  3 4 ,  8 0 ) .  R e a d in g s  w ere  t aken  for a  period of 5 0  d a y s  following 
subm ergence  and  were  accom pan ied  by check  re a d in g s  tak en  in a i r - s a tu r a t e d  
w a te r  and  in w a te r  which had been swept  with nitrogen for a  su ff ic ien t ly  long 
period to in su re  removal of ox y g en .  All r e a d in g s  were  t a k e n  at  a  room tem p era ­
tu re  of 2 7 ° C .
T h e  r e s u l t s  (T ab le  1 7 )  show th a t  co n d i t io n s  in a  f looded r ice  soil a re  not 
a n ae rob ic ;  oxygen i s  p re sen t  a t  all d ep th s  to which the  root system e x t e n d s .  
R e la t iv e ly  high oxygen l e v e l s  (Approximately  6  to  1 2  ppm) were found in
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submerged soil around rice  roots  a t  all dep ths  t e s t e d  throughout the  exper iment .  
Oxygen le v e l s  at  any given depth d e c rea sed  s l ightly  with t ime of submergence .  
The p re sen ce  of oxygen in r ice  s o i l s  i s  directly  r e la ted  to  quanti ty  of r ice  roo ts  
in the  soil ;  r ice  f i e ld s  p lan ted  in a  b roadcas t  fa sh ion  could be expec ted  to conta in  
higher  l e v e l s  of oxygen ear lier  in the  growing sea so n  than  f ie ld s  where  rice  w a s  
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Figure 1. Fluctuation pattern In concentrations of total fatty acids 




























Figure 2. Fluctuation pattern in concentrations of total fatty acids 
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6. Population trend of anaerobic spore-forming bacteria 
(Compton B plot 1963 rice season).
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Figure 7. Decline of total nematode population in Richard soil
supplemented with cornmeal and its relation to concen­



































Propionic + Butyric Acids
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Figure 8. Increase of total nematode population in the presence 
of field concentrations of propionic + butyric acids 


































Figure 9. Relation between hydrogen sulfide concentration and time 
required for 100 per cent kill of swarming populations 
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Figure 10. Total nematode populations in 3 rice fields in 1964 
and hydrogen sulfide concentrations in the soil 
water phase. First traces of H2 S appeared in Wild 
and Richard plots 5-7 days after flooding.
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F ig u re  1 1 .  S tanda rd  c u rv e s  for H2 S in normal NaOH a t  pH 1 2  and a 
tempera ture  of 2 5 ° C .  Diffusion curren t  a t  0 . 8 4  volt  
(v e rsu s  s tandard  calomel  e lec t rode)  i s  propor tional to  HS~ 
c o n ce n t ra t io n .  S t e p s  in c u r v e s ,  deno ted  by a r ro w s ,  r e p re se n t  
H2 S co n ce n t ra t io n s  1 3 . 4 3 ,  6 . 7 1 ,  3 . 3 5 ,  1 . 6 7  ppm.
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Table 2 .  Physical and chemical variables in soil anaerobiosis,  determined on
soil samples from flooded rice f ie lds  in 1 9 6 3 .
Sampling
S i t e
Sampling 
(days  after 
flooding) pH
Eh
(mil l ivolts )
P e r  c e n t  
Carbon
P e r  cen t  
Nitrogen
P e t i t  j e a n 7 6 . 6 0 +  8 6 1 . 1 1 . 1 4 7 0
1 3 6 . 6 5 +  8 1 0 . 9 9 . 1 4 2 4
2 0 6 . 8 0 -  3 6 1 . 0 0 . 1 5 5 8
3 4 6 . 8 5 -  9 3 1 . 0 7 . 1 6 4 1
4 1 6 . 9 4 - 1 4 5 0 . 8 4 . 1 4 5 7
4 8 — — 0 . 7 9 —
Caffey 7 6 . 3 0 + 1 1 7 0 . 6 7 . 1 1 5 6
CA p lo t )* 1 8 6 . 0 0 -  5 9 0 . 8 7 . 1 1 2 1
3 2 6 . 5 0 -  1 4 0 . 9 3 . 1 3 4 1
6 2 6 . 7 0 -  4 9 0 . 9 0 . 1 1 2 2
8 2 6 . 6 5 +  1 1 0 . 8 5 . 1 2 2 9
Caffey 7 6 . 4 0 + 1 8 3 0 . 6 2 . 1 1 7 5
(6 plot) 1 8 6 . 1 0 - 0 . 7 1 . 1 2 8 1
3 2 6 . 5 0 +  9 1 0 . 7 3 —
6 2 6 . 8 0 -  2 6 0 . 7 1 . 1 1 2 2
8 2 6 . 9 0 -  4 0 . 7 4 . 1 1 3 2
Wild 8 6 . 6 0 +  1 6 1 . 2 0 . 1 3 9 6
(A plot) 1 5 6 . 6 8 -  4 0 . 9 8 . 1 3 6 6
2 2 6 . 4 0 -  4 4 0 . 9 2 . 1 3 0 5
3 6 6 . 3 3 -  8 6 1 . 3 3 . 1 3 5 8
Wild 8 6 . 5 0 + 1 1 1 1 . 0 1 . 1 3 7 2
(B plot) 1 5 6 . 7 7 -  2 4 1 . 1 3 . 1 4 3 8
2 2 6 . 4 5 -  1 4 0 . 7 7 . 1 2 2 9
3 6 6 . 7 8 -  5 3 1 . 0 1 . 1 3 2 7
Foge lm an 2 6 . 0 0 +  9 6 0 . 9 5 . 1 2 7 9
(A plot) 9 6 . 6 5 -  4 9 0 . 9 9 —
1 6 6 . 8 5 -  3 2 0 . 9 2 . 1 2 1 5
Foge lm an 2 6 . 5 0 +  1 1 1 . 2 8 . 1 4 9 3
(B plot) 9 6 . 6 0 + 1 3 6 0 . 9 6 . 1 2 3 4
1 6 6 . 8 7 -  2 2 0 . 6 2 . 1 1 7 1
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P e r  cent  
Carbon
P e r  cen t  
Nitrogen
S tan se l 9 5 . 2 0 + 3 4 1 5 . 9 8 . 2 4 9 7
1 8 5 . 3 0 + 1 7 6 2 . 0 9 . 2 4 5 5
3 1 5 . 6 0 + 1 4 6 2 . 5 8 . 3 5 0 7
5 8 5 . 4 0 + 1 7 1 2 . 3 9 . 2 8 3 1
7 9 5 . 7 0 -  5 8 2 . 4 6 . 2 6 3 0
Byler 5 9 6 . 6 0 -  3 9 0 . 7 4 . 1 0 7 0
(A plot) 7 2 6 . 5 7 -  4 6 0 . 7 1 . 0 9 6 1
Byler 5 9 6 . 2 0 -  2 4 0 . 7 9 . 0 9 4 3
(B plot) 7 2 6 . 5 0 -  2 4 0 . 8 2 . 1 0 1 0
Compton 9 6 . 2 5 -  2 2 0 . 6 8 . 1 0 9 4
(A plot) 2 2 6 . 3 5 -  7 4 0 . 7 9 . 1 2 5 3
3 0 6 . 5 0 -  5 4 0 . 8 5 . 1 1 5 7
5 0 6 . 4 0 +  9 6 0 . 9 4 . 1 0 5 5
7 1 6 . 3 8 -  4 7 0 . 7 6 . 0 9 8 2
8 5 — — — ----
Compton 9 6 . 2 0 -  5 2 0 . 5 5 . 1 2 3 2
(B plot) 2 2 5 . 9 5 +  9 1 0 . 7 6 . 1 1 6 4
3 0 6 . 4 0 -  9 4 0 . 9 3 . 1 0 4 2
5 0 6 . 6 0 +  6 0 . 7 8 . 1 1 1 2
7 1 6 . 3 6 -  5 0 0 . 5 6 . 1 0 4 4
Davis 10 5 . 6 0 + 2 6 9 0 . 8 3 . 1 0 2 4
(A plot) 1 8 6 . 5 0 - 1 0 9 0 . 7 2 . 1 0 6 6
3 2 6 . 3 5 -  5 4 0 . 7 5 . 0 9 8 9
5 2 6 . 3 5 +  1 6 0 . 8 4 . 1 0 2 8
Davis 1 0 6 . 0 0 +  8 0 . 7 4 . 1 1 9 2
(B plot) 1 8 6 . 4 0 +  4 6 0 . 8 1 . 1 1 4 3
3 2 6;. 4 5 -  5 4 0 . 8 4 . 1 1 0 1
5 2 6 . 3 0 -  2 9 0 . 7 7 . 0 8 8 7
6 2








P e r  cent  
Carbon
P e r  cen t  
Niirogen
Richard 1 1 6 . 8 2 -  3 2 0 . 9 7 . 1 0 7 4
(A plot} 2 5 6 . 9 5 -  5 4 0 . 9 9 . 1 0 0 2
3 4 6 . 7 5 -  6 7 0 . 7 4 . 0 9 4 4
6 9 6 . 5 5 -  9 4 0 . 7 2 . 0 9 1 2
8 9 6 . 6 0 -  3 4 0 . 5 6 . 0 8 5 1
Richard 1 1 6 . 5 5 -  2 2 0 . 7 1 . 0 9 9 6
(B plot) 2 5 6 . 9 0 -  7 9 1 . 0 5 . 0 9 6 1
3 4 6 . 7 8 -  3 9 0 . 7 3 . 0 8 7 4
6 9 7 . 0 0 - 1 3 4 0 . 6 6 . 0 8 3 2
8 9 6 . 4 5 +  9 1 0 . 5 6 . 0 7 0 6
■^ A plo t  supplemented  with 8 . 6  to n s  of co t ton  seed  hu l l s  per a c r e ,  B p lo t ,  no 
organic  matter supplement.
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Table 3 .  Fatty acids in soil anaerobiosis,  determined on soil samples from
flooded rice fields in 1 9 6 3 .
Sampling "
Sampling (days  after  M . E .  F a t ty  A c i d s 1
S i t e flooding) Total Acetic Propionic Butyric
P e t i t j e a n 7 . 0 0 7 5 8 . 0 0 7 5 8 . 0 0 0 0 0 . 0 0 0 0 0
1 3 . 0 2 6 1 2 . 0 2 4 8 2 . 0 0 1 4 0 . 0 0 0 0 0
2 0 . 0 2 8 2 6 . 0 2 6 2 0 . 0 0 1 4 0 . 0 0 0 6 6
3 4 . 0 3 1 7 4 . 0 3 0 0 0 . 0 0 1 7 4 . 0 0 0 0 0
4 1 . 0 4 8 6 4 . 0 4 4 8 2 . 0 0 2 7 8 . 0 0 1 0 4
Caffey 7 . 0 3 1 6 4 . 0 2 9 7 6 . 0 0 1 3 8 . 0 0 0 5 0
(A plo t)^ 1 8 . 0 4 7 9 6 . 0 4 5 6 0 . 0 0 2 3 6 . 0 0 0 0 0
3 2 . 0 4 7 9 6 . 0 4 5 6 0 . 0 0 2 3 6 . 0 0 0 0 0
6 2 . 0 7 6 1 8 . 0 7 6 1 8 . 0 0 0 0 0 . 0 0 0 0 0
8 2 . 0 5 2 5 8 . 0 5 0 9 8 . 0 0 1 6 0 . 0 0 0 0 0
Caffey 7 . 0 2 8 8 4 . 0 2 7 5 6 . 0 0 1 2 8 . 0 0 0 0 0
(B plot) 1 8 . 0 1 8 2 6 . 0 1 7 0 8 . 0 0 1 1 8 . 0 0 0 0 0
3 2 . 0 3 1 0 0 . 0 2 8 5 4 . 0 0 2 4 6 . 0 0 0 0 0
6 2 . 0 2 6 2 4 . 0 2 4 6 4 . 0 0 1 6 0 . 0 0 0 0 0
8 2 . 1 2 3 3 8 . 1 1 3 6 2 . 0 0 5 4 0 . 0 0 4 3 6
Wild 8 . 0 3 5 9 2 . 0 3 2 5 8 . 0 0 1 8 4 . 0 0 1 5 0
(A plot) 1 5 . 0 4 0 0 4 . 0 3 7 9 2 . 0 0 1 2 6 . 0 0 0 8 6
2 2 . 0 3 7 5 6 . 0 3 2 1 6 . 0 0 4 2 6 . 0 0 1 2 0
3 6 . 1 0 8 8 0 . 1 0 1 9 2 . 0 0 5 2 6 . 0 0 1 6 2
4 3 . 0 3 8 7 2 . 0 3 4 8 8 . 0 0 3 8 4 . 0 0 0 0 0
Wild 8 . 0 3 5 6 0 . 0 3 4 5 2 . 0 0 1 0 8 . 0 0 0 0 0
(B plot) 1 5 . 0 3 6 7 0 . 0 3 5 2 0 . 0 0 1 5 0 . 0 0 0 0 0
2 2 . 0 2 8 8 9 . 0 2 6 6 2 . 0 0 2 2 7 . 0 0 0 0 0
3 6 . 0 2 6 7 2 . 0 2 5 1 4 . 0 0 1 0 0 . 0 0 0 5 8
4 3 . 0 4 1 8 0 . 0 3 7 1 2 . 0 0 2 4 4 . 0 0 1 2 4
Foge lman 2 . 0 0 3 7 2 . 0 0 3 7 2 . 0 0 0 0 0 . 0 0 0 0 0
(A plot) 9 . 0 4 0 5 8 . 0 3 8 6 4 . 0 0 1 4 2 . 0 0 0 5 2
1 6 . 0 3 2 5 6 . 0 3 2 5 6 . 0 0 0 0 0 . 0 0 0 0 0
Fogelman 2 . 0 0 2 7 2 . 0 0 2 7 2 . 0 0 0 0 0 . 0 0 0 0 0
(B plot) 9 . 0 4 3 2 8 . 0 4 2 0 4 . 0 0 1 2 4 . 0 0 0 0 0
1 6 . 0 2 9 0 2 . 0 2 8 1 4 . 0 0 0 8 8 . 0 0 0 0 0
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Table 3 .  Continued
Sampling "
Sampling (days  after M . E .  F a t t y  A c i d s 1_________________
S i t e  f looding)  t o t a l  A c e t i c  P rop ion ic  Butyric
S ta n s e l 9 . 0 2 1 9 6 . 0 2 0 6 6 . 0 0 1 3 0 . 0 0 0 0 0
1 8 . 0 5 1 7 4 . 0 4 9 3 4 . 0 0 2 4 0 . 0 0 0 0 0
3 1 . 0 4 7 7 2 . 0 4 5 0 0 . 0 0 1 8 6 . 0 0 0 7 6
5 8 . 0 3 9 8 2 . 0 3 8 3 4 . 0 0 1 4 8 . 0 0 0 0 0
7 9 . 0 1 9 0 2 . 0 1 7 6 8 . 0 0 0 7 4 . 0 0 0 6 0
Byler 5 9 . 0 0 3 7 2 . 0 0 3 7 2 . 0 0 0 0 0 . 0 0 0 0 0
(A plot) 7 2 . 0 0 4 0 6 . 0 0 4 0 6 . 0 0 0 0 0 . 0 0 0 0 0
Byler 5 9 . 0 1 1 5 2 . 0 1 1 5 2 . 0 0 0 0 0 . 0 0 0 0 0
(B plot) 7 2 . 0 1 0 1 8 . 0 1 0 1 8 . 0 0 0 0 0 . 0 0 0 0 0
Compton 9 . 0 7 0 6 0 . 0 6 1 0 0 . 0 0 8 2 8 . 0 0 1 3 2
(A plot) 2 2 . 0 5 1 6 2 . 0 4 9 6 6 . 0 0 1 5 6 . 0 0 0 4 0
3 0 . 0 5 1 0 0 . 0 4 6 6 0 . 0 0 3 6 2 . 0 0 0 7 2
5 0 . 0 4 0 4 8 . 0 3 7 6 6 . 0 0 1 9 0 . 0 0 0 9 2
7 1 . 0 2 7 4 5 . 0 2 7 3 4 . 0 0 0 0 8 . 0 0 0 0 3
Compton 9 , 0 5 0 3 2 . 0 4 7 6 6 . 0 0 2 2 4 . 0 0 0 9 2
2 2 . 0 4 0 9 0 . 0 3 9 0 0 . 0 0 1 9 0 . 0 0 0 0 0
3 0 . 0 0 6 6 6 . 0 0 6 6 6 . 0 0 0 0 0 . 0 0 0 0 0
5 0 . 0 4 7 4 4 . 0 4 4 6 6 . 0 0 1 7 2 . 0 0 1 0 6
7 1 . 0 3 0 5 8 . 0 2 8 0 0 . 0 0 1 9 2 . 0 0 0 6 6
Davis 1 0 . 0 3 6 6 4 . 0 3 5 6 4 . 0 0 1 0 0 . 0 0 0 0 0
(A plot) 1 8 . 1 0 9 5 6 . 0 8 0 3 6 . 0 2 7 1 6 . 0 0 2 0 4
3 2 . 0 1 2 1 2 . 0 1 1 2 8 . 0 0 0 8 4 . 0 0 0 0 0
5 2 . 0 3 1 5 6 . 0 2 8 0 0 . 0 0 2 0 0 . 0 0 1 5 6
Davis 1 0 . 0 5 6 1 6 . 0 5 4 1 8 . 0 0 1 5 0 . 0 0 0 4 8
(B plot) 1 8 . 0 6 4 8 4 . 0 6 0 3 8 . 0 0 3 5 0 . 0 0 0 9 6
3 2 . 0 1 1 4 6 . 0 0 9 4 6 . 0 0 1 1 6 . 0 0 0 8 4
5 2 . 0 2 5 4 0 . 0 2 5 4 0 . 0 0 0 0 0 . 0 0 0 0 0
Richard 1 1 . 0 2 5 8 3 . 0 2 2 9 2 . 0 0 2 2 8 . 0 0 0 6 3
(A plot) 2 5 . 0 3 4 7 0 . 0 3 2 4 4 . 0 0 2 2 4 . 0 0 1 0 2
6 9 . 0 1 8 3 8 . 0 1 6 1 0 . 0 0 2 2 8 . 0 0 0 0 0
8 9 . 0 4 5 4 2 . 0 4 1 4 6 . 0 0 3 1 8 . 0 0 0 7 8
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Table 3 .  Continued
Sampling
S i t e
Sampling 
(days  after 
f looding)
M . E .  F a t t y  A c id s *
Total A ce t ic Prop ion ic Butyric
Richard 1 1 . 0 1 6 5 0 . 0 1 5 6 0 . 0 0 0 9 0 . 0 0 0 0 0
(B plot) 2 5 . 0 4 6 3 6 . . 0 2 8 9 8 . 0 1 6 1 2 . 0 0 1 2 6
3 4 . 0 5 0 3 8 . 0 4 8 3 0 . 0 0 1 6 0 . 0 0 0 4 8
6 9 . 0 0 8 2 0 . 0 0 7 3 2 . 0 0 0 9 0 . 0 0 0 0 0
8 9 . 0 3 1 3 8 . 0 3 0 2 4 . 0 0 1 1 4 . 0 0 0 0 0
* V a lu e s  are  m i l l i eq u iv a le n t s  per 3 0  grams of w a te r  s a tu ra te d  s o i l .
2
A plo t w a s  supp lem ented  with 8 . 6  to n s  of co t ton  s e e d  h u l l s  per acre ;  th e  B 
plot  r e c e iv e d  no organic  matter  supp lem en t .
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Table 4 .  Nematodes and bacteria in soil anaerobiosis,  determined on soil
samples from flooded rice fields in 1 9 6 3 .
~  Number of
Sampling Number of Number of nemas  P l a n t  P a r a s i t i c  
Sampling (days after bac te r ia  per per 1 / 7  pint  Nemas per
S i t e________ flooding)______ gm of soil____________of soil_________ V I  p in t  of soil
P e t i t j e a n 7 2 . 5 7  x 1 0 6 7 2 2 4
1 3 3 . 4 2  x 1 0 5 1 0 0 2 4
2 0 1 . 1 3  x 1 0 5 8 0 10
3 4 — 1 2 0
4 1 — 6 8 1 3
4 8 — 4 3 8
Caffey , 7 2 . 5 7  x 1 0 6 5 2 0 2
(P lo t  A ) 1 1 8 2 . 2 8  x 10& 7 6 0 1 2
3 2 2 . 5 7  x 10*> 2 1 5 4
6 2 3 . 4 2  x 1 0 5 3 0 5 8
8 2 1 . 3 2  x 1 0 6 1 6 9 8
Caffey 7 1 , 3 2  x 1 0 7 3 4 0 5
(P lo t  B) 1 8 2 . 4 3  x 1 0 5 5 4 0 1 2
3 2 2 . 5 7  x 1 0 6 3 6 0 2
6 2 1 . 3 2  x 1 0 6 3 0 0 2 5
8 2 2 . 2 8  x 1 0 6 2 3 4 9
Wild 8 2 . 5 7  x 1 0 6 2 5 0 9
(Plo t A) 1 5 2 . 2 8  x 10*> 6 8 0 2 4
2 2 1 . 3 2  x 1 0 6 2 0 8 1 0
3 6 — 8 0 7
4 3 — 1 0 5 3 3
Wild 8 1 . 3 2  x 1 0 ^ 3 4 0 2 8
(Plo t B) 1 5 5 . 0 0  x 1 0 5 4 0 0 4
2 2 1 . 8 6  x 1 0 5 2 3 0 2 0
3 6 — 1 0 0 5
4 3 — 9 3 7
Fogelman 2 1 . 3 2  x 1 0 7 5 0 0 1 6 5
(P lo t  A) 9 7 . 7 2  x 1 0 5 4 0 0 2 2
1 6 1 . 3 2  x 1 0 6 2 1 0 1 6
4 4 — 2 9 9
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Table 4 .  Continued
Number of
Sampling Number of Number of nemas P l a n t  P a r a s i t i c
Sampling (days  after b ac te r ia  per per 1 / 7  pint  Nemas per
S i t e_________ flooding)________gm of soil of soil 1 / 7  p in t  of soil
Fogelm an 2 2 . 5 7  x 1 0 7 9 6 6
(Plo t B) 9 2 . 5 7  x 1 0 6 1 1 0 2 0
1 6 1 . 8 6  x 1 0 5 2 4 2
4 4 — 5 4 5
S tanse l 9 2 . 2 8  x 1 0 7 4 5 0 3 2 5
1 8 2 . 5 7  x 1 0 ® 1 0 0 8 4
3 1 2 . 5 7  x 1 0 6 3 8 0 2 8 0
5 8 2 . 5 7  x 1 0 6 1 9 5 1 2 1
7 9 - 5 2
Byler 5 9 2 . 2 8  x 1 0 ^ 6 4 2
(P lo t  A) 7 2 7 . 7 2  x 1 0 5 6 4 0
Byler 5 9 2 . 5 7  x 1 0 6 1 3 0 2
(Plo t B) 7 2 7 . 7 2  x 1 0 5 2 0 0 4
Compton 9 2 . 2 8  x 1 0 7 4 0 4 6 0
(P lo t  A) 2 2 2 . 2 8  x 1 0 ® 4 6 0 1 0 0
3 0 3 . 4 2  x 10;? 3 4 0 1 5 0
5 0 3 . 4 2  x 1 0  ^ 3 0 0 1 0 4
7 1 — 2 8 2 1 4 9
8 5 — 1 0 2 5 0
Compton 9 2 . 2 8  x 1 0 J 5 0 0 3 7 5
(P lo t  B) 2 2 1 . 3 2  x 10® 1 6 0 6 0
3 0 5 . 0 0  x 1 0 5 2 0 0 6 8
5 0 3 . 4 2  x 1 0 5 2 4 0 1 2 0
7 1 — 5 9 2 4
8 5 — 5 1 5
Davis 1 0 2 . 2 8 x 1 0 7 1 7 6 0 3 4 6
(P lo t  A) 1 8 2 . 2 8  x 1 0 ® 2 4 0 6 8
3 2 2 . 2 8  x 1 0 7 2 4 0 1 0
5 2 5 . 0 0  x 1 0 D 2 5 8 8
7 3 — 1 7 5 2 9
6 8







bac te r ia  per 
gm of soil
Number of nemas  
per 1 / 7  pint  
of soil
PJumber of 
P la n t  P a r a s i t i c  
Nemas per 
V 7  pin t  of soil
Davis 1 0 2 . 5 7  x 1 0 ^ 7 4 0 8 8
(Plo t B) 1 8 2 . 2 8  x 1 0 ° 5 4 0 6 0
3 2 1 . 3 2  x 1 0 ° 5 2 8 1 0 8
5 2 2 . 5 7  x 1 0 6 8 8 10
7 3 — 1 1 8 4 0
Richard 1 1 2 . 2 8 x 1 0 7 3 6 0 3 4
(P lo t  A) 2 5 2 . 2 8  x 1 0 6 2 2 9 2 3
3 4 / 1 5 5 1 6
6 9 2 . 5 7 x 1 0 ° 1 4 8 2 4
8 9 7 . 0 0  x 1 0 4 7 8 6
Richard 1 1 3 . 1 4  x 1 0 3 6 8 0 9 2
(Plot B) 2 5 5 . 0 0  x H P 3 0 0 5 5
3 4 2 . 5 7  x 1 0 ° 1 2 0 1 6
6 9 1 . 3 2  x 1 0 6 1 8 8 1 2
8 9 2 . 5 7  x 1 0 3 7 4 8
1 P l o t s  A rece ived  8 . 6  to n s  of cotton seed  hu l ls  per a c r e ,  p lo ts  B rece ived  no 
supplement .
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Table 5 .  Per cent decline of nematode populations as  a result of flooding of
rice f ie lds in 1 9 6 3 .
~  Sampling  P e r  cen t  P e r  c e n t  d e c r e a s e  Difference
Sampling (days  a f te r  d e c r e a s e  of  of p lan t  (plant p a r a s i t e s
S i t e  f looding)__________ all nem as  p a r a s i t i c  nemas_______all nemas)
Foge lm an 2 0 0 0
9 1 5 7 6 5 1
1 6 6 1 9 0 2 9
4 4 8 6 9 2 6
Davis 1 0 0 0 0
1 8 6 9 7 0 1
3 2 6 9 7 3 4
5 2 8 6 9 6 1 0
7 3 8 9 8 4 -  5
R ichard 1 1 0 0 0
2 5 4 9 3 8 - 1 1
3 4 7 4 7 5 1
6 9 6 8 7 1 3
8 9 8 5 8 9 4
Compton 9 0 0 0
2 2 5 0 8 1 3 1
3 0 5 6 7 4 1 8
5 0 5 6 7 3 6
7 1 7 3 7 9 6
8 5 8 8 9 4 0
S ta n s e l 9 0 0 0
1 8 7 8 7 4 -  4
3 1 1 6 1 4 -  2
5 8 5 7 6 3 6
7 9 9 9 9 9 0
P e t i t  j e a n 1 3 0 0 0
2 0 2 0 5 8 3 8
3 4 8 8 1 0 0 1 2
4 1 3 2 4 6 4
4 8 5 7 6 6 9
7 0
T ab le  6 .  Effect  of corn meal on re la ted  va r iab le s  in Richard soil submerged 
under water  in the  g reenhouse .
Treatment
Sampling 




P e r  cent  
Carbon
Per  cent  
Nitrogen
Soil  + 0 4 . 9 0 + 5 2 6 0 . 5 2 . 0 4 8 8
Corn Meal 3 4 . 9 6 -  1 7 9 0 . 5 8 . 0 5 6 8
(Pot  1) 4 4 . 7 0 -  5 4 0 . 5 9 . 0 5 4 4
9 4 . 5 0 +  3 1 0 . 5 9 . 0 6 0 7
Soil + 0 4 . 8 0 +  5 4 6 0 . 6 1 . 0 5 7 6
Com  Meal 3 5 . 0 0 -  8 4 0 . 5 6 . 0 5 6 5
(Pot II) 4 4 . 7 0 +  2 1 0 . 5 6 . 0 5 7 8
9 4 . 7 0 - 1 9 4 0 . 4 1 . 0 6 0 3
Soil 0 5 . 0 0 + 4 9 6 0 . 7 0 . 0 5 1 6
(Pot  III) 3 5 . 1 0 + 2 3 6 0 . 4 7 . 0 5 5 1
4 5 . 6 0 +  9 6 0 . 5 0 . 0 5 1 3
9 6 . 2 5 -  4 0 . 4 1 . 0 5 4 0
Soil 0 5 . 0 0 + 5 4 6 0 . 5 0 . 0 4 5 6
(Pot IV) 3 4 . 9 8 + 3 2 6 0 . 5 6 . 0 6 1 7
4 5 . 9 0 +  1 6 1 0 . 4 4 . 0 5 5 4
9 6 . 3 1 +  1 2 1 0 . 5 3 . 0 5 0 9
^Corn meal w a s  added to  the  po ts  a t  the  ra te  of 1 0  to n s  per a c r e .
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Table  7 .  Effect  of corn meal on fat ty  ac id  l e v e l s  in Richard  soil submerged 
under water  in the  g reen h o u se .
Treatment
Sampling 
(days  after 
f looding
M . E .  F a t ty  A c id s^ -
Total A ce t ic Propionic Butyric
Soil +  _ 0 . 0 5 3 6 6 . 0 5 0 4 2 . 0 0 2 : 4 . 0 0 0 9 0
Corn Meal 3 . 1 3 3 1 6 . 0 8 4 2 6 . 0 0 2 2 . 0 4 6 6 2
(Pot  1) 4 . 2 0 7 1 6 . 1 2 5 8 2 . 0 0 3 5 C . 0 7 7 8 4
9 . 0 6 5 7 2 . 0 5 2 3 4 . 0 0 7 3 4 . 0 7 6 0 4
Soil + 0 . 0 1 5 1 8 . 0 1 4 2 4 . 0 0 0 9 4 . 0 0 0 0 0
Corn Meal 3 . 1 3 5 3 2 . 0 8 7 6 6 . 0 0 3 0 4 . 0 4 4 6 2
(Po t  11) 4 . 1 9 0 6 0 . 1 0 4 2 6 . 0 0 3 5 4 . 0 8 2 8 0
9 . 2 0 7 9 2 . 1 1 1 9 2 . 0 1 0 3 8 . 0 8 5 6 2
Soil 0 . 0 0 9 5 5 . 0 0 5 1 5 . 0 0 4 4 0 . 0 0 0 0 0
(Pot III) 3 . 0 2 4 9 6 . 0 1 7 8 2 . 0 0 1 3 4 . 0 0 6 1 0
9 . 0 7 1 7 2 . 0 5 9 5 8 . 0 0 3 0 4 . 0 0 9 1 0
Soil 0 . 0 3 4 4 6 . 0 3 2 8 8 . 0 0 1 5 8
*
. 0 0 0 0 0
(Pot  IV) 3 . 0 4 2 2 2 . 0 3 9 6 4 . 0 0 1 5 0 . 0 0 1 0 8
X
V a lu e s  are  m i l l i equ iva len ts  per 3 0  grams of w a ter  sa tu ra ted  so i l .
c Corn meal w a s  added to the  po ts  at  the  ra te  of  1 0  to n s  per ac re .
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T a b le  8 .  E f fec t  of corn meal on n em atodes  and b a c te r ia  in R ichard  soil s u b ­
merged under  w a ter  in th e  g r e e n h o u se .
Trea tm en t
Sampling  
(days  after 
f looding
Number of 
b a c te r i a  per 
gm of soil
Number of nem as  
per 1 / 7  p in t  
of soil
Number of 
p la n t  p a ra s i t i c  
nem as  per 
1 / 7  p in t  of soil
Soil + 0 7 . 0 0  x
1 0 5
5 7 . 7 2 1 1 . 4 0
Corn Meal 3 7 . 7 2  x 1 0 ? 8 2 . 0 0 7 . 5 0
( P o t l ) 4 2 . 5 7  x 1 0  6 1 2 . 5 0 3 . 5 0
9 2 . 5 7  x 1 0  6 2 . 0 0 0 . 0 0
Soil  + 0 6 . 4 3  x 1 ° 3 5 7 . 7 2 1 1 . 4 0
Corn Meal 3 7 . 7 2  x 1 0 5 2 9 . 5 0 4 . 5 0
(Pot  II) 4 1 . 3 2  x 1 0  6 1 1 . 5 0 4 . 0 0
9 2 . 5 7  x 1 0  7 1 . 5 0 0 . 0 0
Soil 0 4 . 0 0  x 1 0 5 5 7 . 7 2 1 1 . 4 0
(Pot  III) 3 2 . 2 8  x 1 0  6 1 1 0 . 0 0 8 . 5 0
4 2 . 2 8  x 1 0 1 1 0 6 . 0 0 1 2 . 0 0
9 2 . 2 8  x 1 0  6 1 0 0 . 0 0 1 6 . 0 0
Soil 0 7 . 7 2  x 10l 5 7 . 7 2 1 1 . 4 0
(Pot IV) 3 1 . 3 2  x 1 0  £ 1 1 5 . 0 0 1 4 . 0 0
4 4 . 0 0  x 1 0  6 9 0 . 0 0 7 . 5 0
9 2 . 2 8  x 1 0  6 1 4 6 . 5 0 2 5 . 0 0
^Corn  meal w a s  added  to  the  p o ts  at  th e  r a te  of 1 0  to n s  per  a c r e .





(days  after 
flooding)
M . E .  F a t ty  A c ids  ^
pHTotal Acet ic Propionic But yric
Compton 7 1 . 0 2 8 5 4 . 0 2 6 0 0 . 0 0 1 4 7 . 0 0 1 0 7 6 . 5 0
7 8 . 0 3 0 2 2 . 0 2 8 0 0 . 0 0 1 0 4 . 0 0 1 1 8 - -
8 5 . 0 2 2 0 8 . 0 2 1 1 1 . 0 0 0 9 7 . 0 0 0 0 0 —
Davis 5 2 . 0 3 6 5 9 . 0 3 5 0 9 . 0 0 1 5 0 . 0 0 0 0 0 6 . 8 5
5 9 . 0 3 5 2 8 . 0 3 0 5 5 . 0 0 1 5 0 . 0 0 3 2 3 6 . 5 0
6 6 . 0 3 8 5 4 . 0 3 8 5 4 . 0 0 0 0 0 . 0 0 0 0 0 - -
7 3 . 0 2 9 9 8 . 0 2 7 6 4 . 0 0 1 5 0 . 0 0 0 8 4 —
Richard 8 9 . 0 3 2 1 0 . 0 3 0 7 4 . 0 0 1 3 6 . 0 0 0 0 0 6 . 7 2
P e t i t j e a n 2 0 . 0 4 0 3 8 . 0 3 6 5 6 . 0 0 2 7 8 . 0 0 1 0 4 7 . 4 0
3 4 . 0 2 0 5 2 . 0 1 8 6 0 . 0 0 1 9 2 . 0 0 0 0 0 7 . 2 0
4 1 . 0 3 7 0 8 . 0 3 5 1 6 . 0 0 1 9 2 . 0 0 0 0 0 —
4 8 . 0 2 0 0 8 . 0 1 8 7 8 . 0 0 1 3 0 . 0 0 0 0 0
Wild 1 5 . 0 3 2 0 6 . 0 3 0 8 8 . 0 0 1 1 8 . 0 0 0 0 0 6 . 9 0
2 2 . 0 2 5 1 8 . 0 2 3 6 8 . 0 0 1 1 8 . 0 0 0 3 2 6 . 7 5
4 3 . 0 3 2 2 1 . 0 3 1 0 4 . 0 0 1 1 7 . 0 0 0 0 0 6 . 7 0
5 0 . 0 1 1 5 3 . 0 1 0 5 3 . 0 0 1 0 0 . 0 0 0 0 0 —
Fogelm an 1 6 . 0 3 6 3 5 . 0 3 4 5 8 . 0 0 1 7 7 . 0 0 0 0 0 6 . 8 0
2 3 . 0 2 4 2 1 . 0 2 2 8 8 . 0 0 1 3 3 . 0 0 0 0 0 6 . 5 0
3 0 . 0 2 8 9 7 . 0 2 7 2 9 . 0 0 1 6 8 . 0 0 0 0 0 —
3 7 . 0 2 7 0 2 . 0 2 5 2 5 . 0 0 1 7 7 . 0 0 0 0 0 —
Byler 7 2 . 0 3 1 0 8 . 0 2 9 4 9 . 0 0 1 3 3 . 0 0 0 2 6 6 . 4 0
1
V a lu es  in t h i s  t a b le  are  av e rag es  of two sam ples  each and are e x p re s sed  in 
m i l l i equ iva len ts  pe r  pint  of water  ( 4 7 3 . 2  ml).
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T ab le  1 0 .  E f fec t s  of sampling depth  on phys ica l  v a r i a b l e s  in flooded r ice  
f i e ld s  in 1 9 6 3 .
Sampling
S i t e
Sampling 
(days  af ter 
f looding)
Soil  depth  
( inches) _ pH
Eh
(mil l ivolt s)
P e t i t j e a n 4 8 0 . 0 - 0 . 5 7 . 1 5 -  4 7
4 8 0 . 0 - 0  J5 6 . 7 0 - 1 1 4
4 8 0 . 5 - 4 . 3 7 . 1 0 +  5 1
4 8 0 . 5 - 4 . 3 6 . 8 0 -  3 6
Wild 5 0 0 . 0 - 0 . 5 6 . 2 0 -  6 5
5 0 0 . 0 - 0 . 5 6 . 5 0 -  5 4
5 0 0 . 5 - 4 . 3 6 . 6 0 -  8 3
5 0 0 . 5 - 4 . 3 6 . 6 0 -  7 4
Foge lm an 3 7 0 . 0 - 0 . 5 6 . 4 0 -  1 5 5
3 7 0 . 0 - 0 . 5 6 . 1 5 -  9 4
3 7 0 . 5 - 4 . 3 6 . 7 0 -  2 4
3 7 0 . 5 - 4 . 3 6 . 8 0 -  2 0
Compton 8 5 0 . 0 - 0 . 5 6 . 6 0 -  7 4
8 5 0 . 0 - 0 . 5 6 . 5 0 -  5 4
8 5 0 . 5 - 4 . 3 6 . 7 0 -  7 7
8 5 0 . 5 - 4 . 3 6 . 5 0 -  4 4
Davis 7 3 0 . 0 - 0 . 5 6 . 5 5 +  3 1
7 3 0 . 0 - 0 . 5 6 . 9 0 -  5 9
7 3 0 . 5 - 4 . 3 6 . 4 0 -  7 6
7 3 0 . 5 - 4 . 3 6 . 3 0 -  2 9
7 5
T a b le  1 1 .  E f fec t  of sampling depth  on fa t ty  a c i d s  in flooded r ice  f i e ld s  in 1 9 6 3 .
Sampling
S i t e
Sampling  




M . E .  F a t t y A c ids
Tota l A c e t i c Propion ic Butyric
P e t i t j e a n 4 8 0 . 0 - 0 . 5 . 0 3 6 9 4 . 0 3 3 1 0 . 0 0 2 9 2 . 0 0 0 9 2
4 8 0 . 0 - 0 . 5 . 0 1 1 9 3 . 0 0 4 5 5 . 0 0 6 6 0 . 0 0 0 7 8
4 8 0 . 5 - 4 . 3 . 0 4 3 1 6 . 0 4 0 6 8 . 0 0 1 5 6 . 0 0 0 9 2
4 8 0 . 5 - 4 . 3 . 0 3 6 7 6 . 0 3 3 8 0 . 0 0 1 9 2 . 0 0 1 0 4
Wild 5 0 0 . 0 - 0 . 5 . 0 0 2 1 2 . 0 0 2 0 2 . 0 0 0 0 8 . 0 0 0 0 2
5 0 0 . 0 - 0 . 5 . 0 0 0 7 3 . 0 0 0 7 0 . 0 0 0 0 3 . 0 0 0 0 0
5 0 0 . 5 - 4 . 3 . 0 0 0 8 2 . 0 0 0 7 5 . 0 0 0 0 5 . 0 0 0 0 2
5 0 0 . 5 - 4 . 3 . 0 0 2 5 5 . 0 0 2 1 4 . 0 0 0 4 1 . 0 0 0 0 0
Foge lm an 3 7 0 . 0 - 0 . 5 . 0 4 3 8 0 . 0 4 0 3 4 . 0 0 2 3 0 . 0 0 1 1 6
3 7 0 . 0 - 0 . 5 . 0 3 6 2 4 . 0 3 2 5 4 . 0 0 3 5 4 . 0 0 1 1 6
3 7 0 . 5 - 4 . 3 . 0 2 5 3 2 . 0 2 3 3 8 .C U 9 4 . 0 0 0 0 0
3 7 0 . 5 - 4 . 3 . 0 0 8 5 6 . 0 0 7 1 2 . 0 0 1 0 6 . 0 0 0 3 8
Compton 8 5 0 . 0 - 0 . 5 . 0 2 1 0 0 . 0 2 1 0 0 . 0 0 0 0 0 . 0 0 0 0 0
8 5 0 . 0 - 0 . 5 . 0 3 8 6 6 . 0 3 8 6 6 . 0 0 0 0 0 . 0 0 0 0 0
8 5 0 . 5 - 4 . 3 . 0 2 4 0 6 . 0 2 2 3 4 . 0 0 1 7 2 . 0 0 0 0 0
8 5 0 . 5 - 4 . 3 . 0 0 9 6 6 . 0 0 9 6 6 . 0 0 0 0 0 . 0 0 0 0 0
Davis 7 3 0 . 0 - 0 . 5 . 0 3 6 0 2 . 0 3 2 3 6 . 0 0 3 6 6 . 0 0 0 0 0
7 3 0 . 0 - 0 . 5 . 0 5 2 8 0 . 0 4 8 3 6 . 0 0 2 1 6 . 0 0 2 2 8
7 3 0 . 5 - 4 . 3 0 . 3 1 0 4 . 0 2 8 0 0 . 0 0 1 8 4 . 0 0 1 2 0
7 3 0 . 5 - 4 . 3 . 0 2 5 0 0 . 0 2 1 8 2 . 0 0 1 5 0 . 0 0 1 6 8
^ V a l u e s  in t h i s  t a b le  are  e x p r e s s e d  in m i l l i e q u iv a le n t s  per 3 0  grams of w a ter  
s a tu ra ted  so i l .
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Table  1 2 .  Effec t  of tempera ture  on concen t ra t ions  of fa t ty  a c id s  in sa tu ra ted  
Wild s o i l .
Trea tment  Rep l ica te
te m p e ra tu re
(°C)
M . E .  F a t t i A c id s*
Total A ce t ic Propionic Butyric
Soil 1 2 3 . 0 2 5 9 2 . 0 2 5 0 0 . 0 0 0 9 2 . 0 0 0 0 0
Soil 1 3 0 . 0 2 0 7 6 . 0 1 9 1 4 . 0 0 1 0 2 . 0 0 0 6 0
Soil +  a c id s 1 3 0 . 0 8 2 1 2 . 0 3 2 7 6 . 0 4 9 3 6 . 0 0 0 0 0
Soil 2 2 3 . 0 3 2 2 9 . 0 2 9 4 2 . 0 0 1 5 6 . 0 0 1 3 1
Soil  +  a c id s 2 2 3 . 0 1 4 4 9 . 0 6 3 4 0 . 0 5 1 4 0 . 0 2 8 1 0
Soil 2 3 0 . 0 2 2 3 2 . 0 2 1 4 4 . 0 0 0 8 8 . 0 0 0 0 0
Soil +  ac id s 2 3 0 . 0 6 7 0 0 . 0 3 3 6 2 . 0 3 3 3 8 .0 0 0 0 0
Soil  w a s  taken  from the  f ie ld  1 5  d ay s  after f looding and 4  m . e .  each  of formic,  
a c e t i c ,  p rop ion ic ,  and butyric a c id s  were added per pin t  of sa tu ra ted  soil and 
incubated  a t  ind ica ted  tem pera tu res  for 9  d a y s .
^ V a l u e s  are  m i l l i equ iva len ts  per 3 0  grams of water  watura ted  so i l .
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Table  1 3 .  Effec t  of tempera ture  on concen t ra t ions  of fa tty  a c id s  in sa tu ra ted  
Richard  s o i l . 1
Temperature M. E. ~ F a t ty  AcT3i?“
Treatment R ep l ica te f°C) Total A cet ic Propionic Butyric
Soil 1 2 3 . 0 4 5 3 8 . 0 4 1 5 6 . 0 0 2 9 2 . 0 0 0 9 0
Soil +  a c id s 1 2 3 . 1 7 2 1 8 . 0 5 6 0 0 . 0 5 6 3 0 . 0 5 9 8 8
Soil 3 0 . 0 3 3 4 2 . 0 2 8 4 0 . 0 0 2 6 4 . 0 0 2 3 8
Soil  +  a c id s 1•L. 3 0 — — — —
Soil 2 2 3 . 0 4 0 2 2 . 0 3 8 0 0 . 0 0 2 2 2 . 0 0 0 0 0
Soil  +  a c id s 2 2 3 — — — —
Soil 2 3 0 . 0 3 4 9 8 . 0 3 1 3 0 . 0 0 3 0 8 . 0 0 0 6 0
Soil  +  a c id s 2 3 0 . 1 3 9 2 6 . 0 5 4 9 8 . 0 6 1 6 2 . 0 0 2 8 6
" S o i l  w as  taken  from th e  field 8 9  days  a f te r  f looding and  4  m . e .  each  of formic,  
a c e t i c ,  p rop ion ic ,  and butyric a c id s  were added per pint  of sa tu ra ted  soil and 
incubated  at  ind ica ted  tem pera tu res  for 8  d ay s .
^ V a l u e s  are m i l l i equ iva len ts  per 3 0  grams of w a ter  sa tu ra ted  s o i l .
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Table  1 4 .  Effect  of temperature  and  a s s o c i a t e d  fac to rs  on meatode popula ­
t io n s  in sa tu ra ted  Wild  s o i l .
Trea tment Repl ica te
Tempera ture
C°C)
Number of total 
nemas  per 
1 / 7  p in t  of soil
dumber of 
p lan t  p a ra s i t i c  
nemas  per 
1 / 7  pint  of soil
Soil 1 2 3 1 2 9 1 8
Soil +  a c id s 1 2 3 1 1 1 5
Soil 1 3 0 4 5 1 0
Soil +  a c id s 1 3 0 9 1 4
Soil 2 2 3 1 7 4 3
Soil +  a c id s 2 2 3 1 8 3 4
Soil 2 3 0 1 2 7 4
Soil +  a c id s 2 3 0 1 5 5 6
Soil w a s  taken  from the  fie ld  1 5  d ay s  after flooding and 4  m . e .  each  of 
formic,  a c e t i c ,  p rop ion ic ,  and butyric a c id s  were  added per p in t  of 
sa tu ra ted  soil and  incubated  at  ind ica ted  tempera tures  for 9  days .
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T a b le  1 5 .  Effec t  of tem pera tu re  and  a s s o c i a t e d  fa c to r s  on nematode popu la ­
t io n s  in sa tu ra ted  R ic h a rd ^  so i l .
Trea tment R ep l i ca te
Temperatu re
<°C)
Number of total  
nem as  per 
1 / 7  pin t  of soil
Number of 
p lan t  p a ra s i t i c  
nem as  per 
1 / 7  p in t  of soil
Soil 1 2 3 8 0
Soil  +  a c id s 1 2 3 2 0
Soil 1 3 0 2 6 1 6
Soil  +  a c id s i 3 0 2 8 1 0
Soil 2 2 3 4 8 0
Soil  +  a c id s 2 2 3 2 0 8
Soil 2 3 0 1 8 2
Soil  +  a c id s 2 3 0 1 0 0
- S o i l  w a s  tak en  from the  fie ld  8 9  d a y s  a f te r  f looding and 4  m . e .  each  of 
formic ,  a c e t i c ,  propionic  and  butyric  a c i d s  were  added  per p in t  of sa tu ra ted  
soil and  incuba ted  a t  ind ica ted  tem p e ra tu res  for 8  d a y s .
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T ab le  1 6 .  Total  nem atodes  per 1 / 7  sample  a l iquo t  (approx. 3 0  ml) from s ing le  
1 0  x 1 0  fe e t  plo t  in Richard  r ice  fie ld  (6  r e p l i c a t e s  of 2 0 0  ml soil 
s am ples  t a k en  0 - 4 . 3  in.  depth a t  in te rv a l s  during 1 9 6 4 ) .
Sampling  R ep l i ca te
Date 5  3  4  5  5  Mean
2 5  Mar . 2 6 0 1 8 0 2 2 0 1 3 2 2 0 0 1 5 7 1 9 2
2  Apr. 1 3 2 2 3 0 2 8 7 1 4 0 3 2 0 2 1 2 2 2 0
1 3  May 1 2 8 1 3 2 1 2 7 1 2 0 1 2 5 1 2 8 1 2 7
2 0  May 2 8 0 3 2 2 2 0 8 2 6 0 5 2 0 3 4 0 3 2 2
1 J u n e 1 6 0 2 5 0 1 7 5 1 6 0 1 0 5 5 5 1 5 1
1 2  J u n e 1 1 6 1 2 0 1 6 0 1 2 4 1 4 0 8 4 1 2 4
2 3  J u n e 8 4 5 5 3 0 1 2 0 7 0 6 5 7 1
2 9  J u n e 5 6 4 0 3 8 - 6 0 4 2 4 0 4 6
1 3  J u ly 1 3 2 6 4 0 1 5 3 1 1 8 2 4
2 4  J u ly 3 8 3 0 4 6 4 0 2 6 1 0 3 2
7  Aug. 6 5 6 1 3 1 2 1 0 9
1
^■Difference be tween mean of fourth sampl ing ( 2 0  May) and each  of the  other 
m eans  e x ce e d ed  th e  " sh o r t e s t  s ign i f ican t  range"  (Rp) for each  va lue  of p at  
the  1 per cen t  level in Duncan Range T e s t  ( 3 2 ) .
Table  1 7 .  The  oxygen level ^ in te rms of o sc i l lo sco p e  value in mm of flooded Wild soil planted to  rice  
and incubated  in the g reenhouse .  The e ffect  of depth and t ime of submergence.
Days Soil depth (cms)
after 0  3  5  9 . 5  I F
flooding_______________________ O sc i l lo scope  read ings  in mm of duplica te  pa i rs  of e lec t rodes
3 2 8 3 2 3 0 3 1 3 2 3 3 3 6 3 8 3 9 4 0
4 4 3 4 1 - 4 6 4 2 4 6 4 1 4 9 5 5 5 5
1 1 3 0 3 7 - 4 9 5 7 4 7 4 1 4 6 4 2 4 8
1 3 2 9 2 8 - 3 5 5 1 4 2 4 5 3 7 3 7 -
1 4 2 9 2 8 - 4 8 4 6 4 3 4 2 4 4 3 9 7 0
1 5 2 9 3 1 - 4 7 4 6 4 4 4 2 4 4 3 7 6 6
2 5 2 9 3 1 - 4 8 5 0 4 9 4 5 4 6 4 4 5 8
2 6 3 8 3 8 - 4 7 5 2 3 9 4 0 4 2 3 7 5 6
2 7 4 4 4 5 - 5 5 5 2 4 1 4 5 5 0 4 6 6 1
2 8 4 0 3 3 - 5 3 5 7 3 8 4 9 4 7 4 5 7 4
4 9 3 7 4 3 - 5 1 5 0 4 4 4 3 - 5 3 -
5 0 3 5 4 1 * 5 1 5 0 4 4 4 3 5 3
^Oxygen concentra tion  i s  inversely proportional to  o sc i l lo sco p e  v a lue .  Oxygen i s  oxygen-sa tu ra ted  water  
(8 ppm) equa ls  4 3  mm osc i l lo sco p e  reading; 0  ppm oxygen e q u a ls  7 6  mm in n i t rogen-sa tu ra ted  w a te r .
^ R e a d in g s  represent  diffusion current ( i) at  the  oxygen maxima. Th is  is  ex p re ssed  a s  deflect ion 
(in mm) on the  o sc i l lo sco p e  screen  c au se d  by the  voltage  drop at  2 7 ° C .  i i s  proportional to  the  
oxygen concentra t ion  in the  so i l ,  in the  immediate v ic in i ty  of the  e lec t rodes .
^ V a l u e s  5 8  to  7 4  reflect  very low oxygen due to the  ab se n c e  of roo ts .
DISCUSSION
Anaerobic  condi t ions  e s t a b l i s h e d  by the  flooding of r ice  s o i l s  favor the  
development of anaerobic  bacte r ia  th a t  produce lower organic  a c id s  a s  end 
p roduc ts .  Amounts of t h e s e  a c id s  in a  soil will be dependent  not only on the  
organic  matter  content but a l so  on the kind of organic  m a te r ia l s .  Sugars  and 
s t a r ch e s  will be more read i ly  decomposed by t h e s e  bacte r ia  than c e l lu lo se  or 
l ignin ( 7 7 ) .  It i s  only in cer ta in  organic s o i l s  tha t  cons id e rab le  amounts  of 
e a s i l y  ox id izab le  organic m a te r ia l s  are p re sen t  and it i s  in t h e s e  s o i l s  tha t  
the  product ion of lower organic a c id s  r e s u l t s  in de le te r ious  e f f e c t s  on rice  
p la n t s .  Of the  organic  a c id s  produced during the  anaerobic  decomposit ion of 
fermentable  organic m a t t e r / butyric ac id  i s  pe rhaps  th e  most impor tant .  It is  
p re sen t  in apprec iab le  amounts  in the  ear ly  s t a g e s  of decompos i t ion ,  may 
p e r s i s t  in acid  s o i l s ,  and is  tox ic  to p lan t s  ( 3 9 ,  4 0 ) .  Mitsui and c o ­
workers  ( 3 9 )  have  shown tha t  butyric acid  at  l e s s  than 0 . 1  mol per l i te r  can 
c a u s e  a marked d e c r e a se  in nutrient up take .  F a i lu re  of r ice  s eed l in g s  on 
newly manured f ie ld s  could  be re la ted  to tox ic  e f fec t s  of butyric ac id  and 
carbon dioxide ( 4 8 ) .
Rice  so i l s  in L o u i s i a n a  are  not r ich in fermentable  m a te r ia l s  because  
of the i r  rapid decomposit ion  under well  ae ra ted  cond i t ions  be tween c ro p s ( (2 ) .  
T h e se  s o i l s  co n sequen t ly  are not c ap a b le  of sus ta in ing  large  popu la t ions  of
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c los t r id ia l  bac te r ia  producing butyric and  other  lower fatty  a c id s .  A short 
period of a c t iv i ty  by t h e s e  bacter ia  immedia tely after f looding r e s u l t s  in an 
in c rease  in the  lower fatty  a c i d s ,  which i s  soon a r re s ted  when the supply.of 
fermentable  organic  matter i s  exhaus ted  in s o i l . Th is  exp la in s  the  rapid 
in c re a s e s  in hydrion concen t ra t ion ,  the  d e c rea se  in ox ida t ion-reduc t ion  
p o te n t i a l s ,  a s  well a s  the  initial peak v a lu es  of fa tty  a c id s  ob ta ined  in the  
fi rs t  1 5 - 2 0  days  after submergence .  The l imited supply of e a s i l y  oxid izable  
organic  matter in t h e se  s o i l s  is  a l so  re f lec ted  in the  r e la t ive ly  co n s tan t  leve l s  
of organic  carbon throughout the  r ice  s ea s o n .  A soil r ich in such organic  
m a te r ia l s  should  show d e tec tab le  d e c r e a se s  in organic  carbon provided a v a i l ­
ab le  nitrogen i s  suff ic ien t  for m ain tenance  of favorable  ca rbon-n i t rogen  r a t io s .
Decline  in acid  concen t ra t ions  in the  soil after  the  ’’ear ly  s e a s o n "  peak 
v a lu e s  could  be re la ted  to:
a .  A dep ress ion  in the  numbers of fa tty  acid  producing bac te r ia  when the  
supply of fermentable  organic matter is  e x h a u s te d .  T h i s  i s  sugges ted  by the  
dec l ine  in numbers  of anaerobic  spore forming bacte r ia  observed  in all s o i l s  
af te r 1 5  days  of submergence .
b. A gradual s eepage  of organic a c id s  into the  flood water  of r i ce  f i e ld s .  
T h i s  could expla in  the  p re sen ce  of butyric,  propionic and  ace t ic  a c id s  in t h e se  
w a te r s .
c .  The development of r i ce  roots  in the  so i l .  Oxygen around the  roots 
could  d e p re s s  popula t ions  of s t r ic t  anaerobes  ( 5 9 ,  7 6 ) .  However,  root 
sy s tem s  of r ice  p la n t s  are not well developed at  th e  ear ly  s tag e  of growth.
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Eh v a lu e s  t a k e n  e a r ly  in the  s e a s o n  ind ica te  reduced  c o n d i t io n s ,  which would 
only r i s e  la te r  in th e  s e a s o n  with the  r e l e a s e  of in c re a s e d  amounts  of oxygen 
from e x te n s iv e  root s y s t e m s .
d .  U t i l iza t ion  of the  a c id s  by o ther  mic roorgan ism s  { 6 3 ,  6 4 ) .  T h i s  
would  be p a r t icu la r ly  t rue  la te  in the  s e a s o n  when hydrion c o n ce n t r a t io n s  are 
favorab le  for the  development of Desu lfovib r io  sp .  ( 6 4 ) .  Takai ( 6 4 )  showed 
an inve rse  re la t ionsh ip  be tween numbers  of bac te r ia  in deep  tube  cu l tu re  and 
numbers  of su l fa te  reduc ing  b a c te r i a  (Desulfovibrio  s p . )  which appea red  in 
la rge  numbers  la te  in t h e  s e a s o n  in J a p a n e s e  s o i l s .
A combination of (a) and  (b) cou ld  accoun t  for the  init ial  dec l in e  in ac id  
v a l u e s ,  ear ly  in the  s e a s o n ,  and (c) and (d) might  p lay  an important role in the  
d ec l ine  of ac id  co n ce n t ra t io n s  a f te r  the  la te  s e a s o n  p e ak .
The p r e s e n c e  of fa t ty  a c i d s  th roughout th e  s e a s o n  c o n t r a s t s  d i rec t ly  with 
th e  J e s u i t s  ob ta ined  by Takai ( 6 6 ,  6 7 ) ,  who found th a t  t h e s e  a c id s  d i s ap p ea red  
from J a p a n e s e  r ice  s o i l s  a f te r  an in it ia l  r i s e  in th e i r  concen t ra t ion  immediate ly  
a f te r  subm ergence .  T h i s  apparen t  d i s c rep a n c y  may be exp la ined  by th e  fac t  
th a t  organic  m at te r  decompos i t ion  o ccu r s  a t  a  f a s t e r  ra te  under L o u i s i a n a  c o n ­
d i t ions  than  in t h e  more tem pera te  c l im a te  of J a p a n .  T h i s  would afford a 
con t inuous  production of a c i d s  from c e l l u lo s e  and s imila r  m a te r ia l s  by c e l l u l o s e -  
decom pos ing  c l o s t r i d i a .  The amounts  of a c id s  produced by t h e s e  b ac te r ia  is  
c o n s id e ra b ly  l e s s  than  th o s e  produced by the  butyric group of c lo s t r id ia  (5 ) .  
S in c e  . s tud ies  of c e l l u lo se -d e c o m p o s in g  bac te r ia  were  not made in t h i s  work ,  
t h i s  exp lan a t io n  i s  t e n t a t i v e .
T h e  la te  s e a s o n  peak  in a c id  v a lu e s  o bse rved  in m os t  s o i l s  s u g g e s t s  a  
change  in the  soil m icrof lora .  A group of mic roorgan ism s  c ap a b le  of u ti l iz ing  
more r e s i s t a n t  forms of organic  m at te r  cou ld  bring about an i n c re a s e  in a c i d s .  
Organic  debr is  from the  r ice  p l a n t s  might favor i n c re a s e d  a c t i v i ty  of anae rob ic  
b ac te r ia  la te r  in the  growing s e a s o n .  The  final  i n c re a s e  and  d e c l in e  of a c i d s  
during th e  r ice  growing s e a s o n  i s  typ ica l  of L o u i s i a n a  r ice  so i l s ;  moreover ,  it  
i s  probably  typ ica l  of subtropica l  s o i l s  around th e  world which  are  commonly 
low in tota l  nit rogen  and  organic  ca rbon .
T h e  predominance  of a c e t i c  a c id  over all o ther  a c i d s  in the  1 9 6 3  p lo ts  
w a s  e x p e c t e d ,  s in c e  t h i s  a c id  i s  produced in g rea te r  q u a n t i t i e s  by anae rob ic  
b a c t e r i a .  Some anae rob ic  bac te r ia  are  in cap ab le  of producing butyric a c id  and 
a c e t i c  ac id  is  t h e  only fa t ty  a c id  en d -p ro d u c t  of the i r  m e tabo l i sm .
T h e  g rea te r  d e c r e a s e  in c o n c e n t r a t i o n s  of butyric and propionic  a c i d s  
over t h o s e  of a c e t i c  a c i d ,  when t h e s e  a c i d s  were  added  to  th e  s o i l ,  in d ic a te s  
a  p o s s ib le  convers ion  of t h e  h e av ie r  a c i d s  into a c e t i c  a c id .  The c lo se  
s t a t i s t i c a l  c o r re la t io n s  ob ta ined  when a c e t i c  a c id  w a s  compared  with propionic  
a n d  butyric a c i d s ,  and the  p r e s e n c e  of butyric a c i d ,  in th e  1 9 6 3  sam ples  only 
when a c e t i c  a c id  w as  r e l a t iv e ly  high in c o n c e n t r a t io n ,  i s  of in te r e s t  in t h i s  
c o n n e c t io n .  The  in te r re la t io n s  among t h e s e  a c i d s  and the i r  biological  so u rces  
furn ish  a  problem amenable  to  l abe l ing  of compounds  with ra d io a c t iv e  ca rb o n .  
T h e  m etabo l ism of butyric and propionic  a c i d s  by soil m ic roorgan ism s  is  of 
importance re la t iv e  to  n em atodes  b e c a u s e  t h e s e  two a c id s  a re  nemat ic idal  at
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r e la t ive ly  low concen t ra t ions  ( 2 8 ,  2 9 ) .  A cet ic  ac id  k i l l s  nematodes  only at 
high co n cen t ra t io n s .
The  occurrence  of low co ncen t ra t ions  of fa tty  a c i d s  composed primarily of 
a c e t i c . a c id  in rice  f i e ld s  r e su l t s  when only l imited amounts  of readily  ferment­
able  organic matter  are p re sen t .  R es u l t s  of the  1 9 6 3  greenhouse  experiment  
on th e  effect  of corn meal ind ica te  another  important and to ta l ly  dif ferent s i tu a ­
t io n .  The  pronounced in c re a se  in con cen t ra t io n s  of propionic and butyric a c id s  
in t h i s  la t te r  c a s e  c o n t r a s t s  with th e  low le v e l s  of t h e s e  a c id s  in r ice  f i e ld s .
T h i s  i s  connec ted  with a different type  of fermentation in which butyric acid  
bac te r ia  predominate  when corn meal i s  p r e s e n t .
Nematicidal  e f f e c t s  of the  lower organic  a c id s  afforded an initial  
exp lana t ion  for the  dec l in e  of nematodes  in rice  f i e ld s  ( 2 8 ) .  However,  a 
mater ia l  which i s  e f fec t ive  in the  labora tory  may not be e f fec t ive  in the  soil 
b e ca u se :  a .  it may be inac t iva ted  by other soil m icroorgan isms ,  b. colloidal  
p a r t i c l e s  may absorb  i t ,  c .  inac t iva t ion  by soil ch em ica l s  may occu r ,  d .  an 
energy source may be lack ing ,  and e .  the  toxic  material  may not be produced 
in large enough q u an t i t i e s  ( 7 7 ) .  T h e s e  fac to rs  obvious ly  were  absen t  in th i s  
work because  the  phenomenon in v es t ig a ted  ac tua l ly  occurred in rice  f i e ld s .  It 
i s  apparent  tha t  the  e f fec t  of f looding on nem atodes  m us t  be cons idered  under 
two ca te g o r i e s :  In so i l s  high in read i ly  decomposab le  organic  matter  the  rapid 
dec l in e  of nematode popula t ions  will be due in part  to butyric and propionic  a c id s  
in nematicidal  c o n ce n t ra t io n s .  In s o i l s  poor in readily  fe rmentable  organic  matte r 
the  slow dec l ine  of nematode popula t ions  i s  l inked to the  product ion of hydrogen
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su l f ide .  In s o i l s  higher in fe rmentable  organic mat te r  th e  dec l in e  of nematode 
popula t ions  i s  cor re la ted  with the  p re sen ce  of high con cen t ra t io n s  of fa t ty  a c id s  
and su l f ide s .
The p re s e n c e  of lower fa tty  a c id s  in r ice  flood w a te r s  h a s  not been 
p rev ious ly  repor ted .  The re su l t s  ob ta ined  by sampl ing a t  dif ferent d ep ths  in 
r ice  s o i l s  ind ica te  th a t  a c e t i c ,  propionic  and butyric a c id s  move upward through 
the  soil into the  flood w a te r s  a b o v e .  Concomitant f luc tua t ions  in a c id  c o n ce n ­
t ra t io n s  in flood w a te r s  and underlying s o i l s  serve  a s  addit ional ev idence  for 
the i r  or ig in .  The p re s e n c e  of t h e s e  a c id s  in flood w a te r s  may be of importance 
a s  an ecologica l  factor to wild l ife s ince  t h e s e  w a te r s  are  d ischarged  into 
c a n a l s  and r ive rs .
Su l f ide s  are invariably p re sen t  in so i l s  which have  been under w a ter  for 
an apprec iab le  length of t im e .  They are the  re su l t  of a small group of bac te r ia  
us ing su l fa te  a s  the i r  source  of energy .  The p re sen ce  of su l f ides  in rice  f i e ld s  
h a s  been repea ted ly  demonstra ted  ( 1 7 ,  3 5 ,  3 9 ,  4 0 ,  4 2 ,  4 3 ,  4 4 ,  6 0 ,  6 3 ,  
6 4 ,  6 5 ,  6 8 ,  6 9 ) .  Hydrogen su lf ide  in rice  s o i l s  r a i s e s  the  problem of i t s  
to x ic i ty .  T h i s  g a s  i s  an inhibitor of the  i ron-con ta in ing  e n zy m es ,  cytochrome 
o x id a s e ,  c a t a l a s e ,  and p e ro x id a se ,  and i s  consequen t ly  toxic  to p l a n t s .  The 
formation of inso lub le  su l f ides  with heavy m e ta l s  inh ib i ts  metabolic  r e a c t io n s  in 
which t h e s e  m e ta l s  ac t  a s  c o - f a c t o r s  to  the  en zym es  invo lved .  Hydrogen sulf ide  
is  a  strong tox ican t  to  higher an im a ls  s in ce  it combines  with methemoglobin 
which c a u s e s  a sphyx ia  and sudden death if p re sen t  in suff ic ien t  amounts ( 1 1 ) .
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The de le te r ious  e f fec t s  of hydrogen sulfide  on rice  p lan t s  are  coun te r ­
a c ted  in rice  f ie lds  by t h e  p re sen ce  of fe rrous  iron ( 3 5 )  and subsequen t  formation 
of a  black layer  of ferrous sulf ide near the  soil surface  (4).  The action  of 
hydrogen sul fide  on rice  p lan ts  ha s  been s tud ied  ex ten s iv e ly  in J a p a n  by Mitsui 
and coworkers  ( 3 8 ,  3 9 ) .  in connec t ion  with the  occur rence  of the  Akiochi 
d i s e a s e  of r ice  in some degraded s o i l s .  Rice  p lan ts  sub jec t  to th i s  d i s e a s e  
show a vigorous growth in the  ear ly  s t a g e s ,  but the  p lan t s  are  very often 
seve re ly  a t t a ck e d  by th e  rice  b las t  fungus  P i r ic u la r ia  oryzae  Briosi and Cavara ) .  
A s  a r e s u l t ,  l e a v e s  die one by one ,  beginning with the  lower o n e s .  P l a n t s  
exhib it  a m ise rab le  appearance  at  ha rves t  t ime and the  y ie lds  are low ( 1 0 ) .
The  roots  of d i s e a s e d  p lan ts  are white in con t ra s t  to the  reddish  brown color  of 
healthy  roots  ( 3 9 ) .  Th is  d i s e a s e  occurs  only in s o i l s  dep le ted  of iron,  such a s  
in ce r ta in  sandy s o i l s  of J a p a n .  The  app l ica t ion  of m a te r ia l s  conta ining iron 
and the  e limination of ammonium su lfa te  a s  a  f e r t i l ize r  have re su l ted  in the  
control of th i s  d i s e a s e  ( 4 8 ) .
The e f fec t  of hydrogen sulf ide  on r ice  p lan t s  w as  s tudied  by Mitsui under 
laboratory cond i t ions  ( 3 8 ) .  T h i s  worker found tha t  exposure  of r i ce  roots  to a  
solution conta ining . 0 7  ppm of hydrogen su lf ide  for 9  days  w a s  su f f ic ien t  to 
c a u s e  w i l t ing .  He found a lso  th a t  hydrogen su lf ide  injury w a s  a function of i t s  
concentra t ion  in the  solution around the  roots  and the t ime of exposure  of the  
p lan t s  to i t .  Hydrogen sulfide  a l so  inhib ited the  accumula t ion  of p h o s p h a te s ,  
po ta ss ium and s i l i c a .
The  occur rence  of the  Mentek d i s e a s e  of r i ce  in J a v a  ( 7 3 )  h a s  been
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re la ted  to the  p r e s e n c e  of reduced  p roduc ts  in r ice  s o i l s  ( 4 8 ,  6 0 ) .  It is  
p o s s ib l e  tha t  hydrogen sulf ide  in r ice  f i e ld s  is  c o n n ec ted  with th i s  d i s e a s e ,  
a s  well  a s  to o ther  phys io log ica l  d i so rd e r s  of r ice  th roughout  the  world .
The  ac t ion  of hydrogen su l f ide  on nem atodes  can  be c o n s id e re d  a s  an 
e x ten s io n  of i t s  ac t ion  a g a in s t  o ther o rg a n i sm s .  The  b lackening  of th e  nema­
tode  body, upon exposu re  to t h i s  compound,  s u g g e s t s  the  formation of metal  
su l f id e s  which p re c ip i ta te  and in te rfere  with the  re sp i ra to ry  func t ions  of t h e s e  
a n im a l s .  The con t inuous  in c rease  in l e v e l s  of hydrogen su l f ide  in L o u i s i a n a  
r ice  f i e ld s  during the  r ice  s ea s o n  i s  l inked  to  t h e  s low dec l in e  of nematode 
p o p u la t io n s  in t h e s e  f i e ld s .  A s imila r  compound HCN, produced by an u n id e n t i ­
fied lo w - tem pera tu re  bas id iom yce te  h a s  been impl ica ted  a s  an  e t io log ica l  agen t  
in win te r  crown rot of a l f a l f a  ( 3 0 ) ;  the re  is  a l s o  some ev idence  th a t  th e  l e s io n  
nematode  P .  p e n e t r an s  (Cobb, 1 9 1 7 )  F i l i p ,  and S tek  1 9 4 1 ,  ind u ces  the  
formation of HCN in peach  roof s th u s  c au s in g  th e  formation of  l e s i o n s  ( 4 1 ) .  
However ,  H2 S i s  the  f i r s t  c a s e  repor ted  of a  compound an t ib io t ic  to plant 
p a r a s i t e s  under labora tory  co n d i t io n s  which has  a l s o  been found an t ib io t ic  in 
soil under  actual  f ie ld  c o n d i t i o n s .  The  impor tance of t h i s  d iscovery  prompts 
q u e s t i o n s  regarding fie ld  cond i t ions  and  p r a c t i c e s  t h a t  would en h an ce  the  d e ­
ve lopment  of s u l f i d e s ,  i . e . ,  w ha t  p r a c t i c e s  will favor t h e  deve lopm ent  of su l fa te  
reducing b a c te r i a  in rice  f i e l d s ? ,  wha t  l e v e l s  of hydrogen su l f ide  can  r ice  p l a n t s  
w i th s ta n d  under ac tua l  f i e ld  c o n d i t io n s  w i thou t  v i s ib le  d a m a g e ? ,  how can 
nemat ic ida l  c o n ce n t r a t io n s  of hydrogen su l f ide  be m a in ta ined  th roughout the  
s e a s o n  w i thout  injury to  r ice  p l a n t s ? ,  w ha t  are the  d e le t e r io u s  e f f e c t s  c a u s e d
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by su l f id e s  and  hydrogen su l f ide  on the  nutri t ion of the  r ice  p l a n t ? ,  w ha t  are  
th e  e f f e c t s  of th e  e l ec t r i c a l  f i e ld s  c re a te d  by the  su l fa te  reducing  b ac te r ia  in 
th e  movement  of nu t r ien ts  to  rice  roo ts  ( 4 7 ) ?  The a v a i l a b i l i ty  of soil nu t r i en t s  
in connec t ion  with development  of la rge  popu la t io n s  of Desu lfovib r io  sp .  in r ice  
s o i l s  p re sen t  m a n y  in te re s t ing  q u e s t i o n s  regarding the i r  d is t r ibu t ion  in rice  
f i e ld s  and  t h e i r  ab i l i ty  to  w i th s tan d  re la t iv e ly  high co n ce n t ra t io n s  of oxygen 
( 4 7 ,  5 7 ) .
Oxygen l e v e l s  in r ice  soil s u g g e s t  t h i s  g a s  could  exer t  a  dep re ss in g  e f fec t  
on soil a n a e r o b i o s i s .  The  envi ronment around r ice  roo ts  i s  aerob ic  and t h e r e ­
fore may be re la t iv e ly  free  of anaerob ic  microorganisms;  t h i s  could  a l so  a c c o u n t  
for t h e  survival of small p o pu la t ions  of nem atodes  under  r ice  fie ld  c o n d i t io n s .  
Such ac t iv i ty  of the  rice  roo ts  would be more pronounced on anae rob ic  b a c te r i a ,  
o ther than  Desu lfovib r io  s p . ,  due  to th e  ab i l i ty  of t h i s  bacterium to  " s y n t h e s i z e "  
an anerob ic  environment around i t s  c o lo n ie s  ( 4 7 ,  5 7 ) .  T .  martini and p o s s ib ly  
o ther  nem atodes  a re  c a p a b le  of w i ths tand ing  zero oxygen t e n s i o n s  for pe r io d s  of 
a t  l e a s t  2  w e e k s ,  a s  de te rmined by in vitro t e s t s  in the  c o u r s e  of t h i s  r e s e a r c h .  
The  combined  ev id en ce  in d ic a te s  t h a t  carbon d io x id e ,  hydrogen and m ethane  
are  w i thou t  d i rec t  e f f e c t s  on nematode p o p u la t io n s  in submerged 5 i l s ,  a l though 
carbon d ioxide  might render  n em atodes  more s en s i t i v e  to hydrogen su l f ide .
SUMMARY
Effec t s  of microbiological  and chemical va r iab le s  on soil nematode 
popula t ions  in flooded r ice  f ie lds  were  s tud ied  in 1 3  field s i t e s  in L o u i s ian a  
in 1 9 6 3  and 1 9 6 4  and in several  laboratory exper im en ts .  P e rcen tag e  
organic  carbon ( 0 . 9 - 1 . 3 )  and total nitrogen ( 0 . 0 9 - 0 . 1 6 )  re f lec t  typical  
l e v e l s  for r ice  s o i l s  in subtropical  reg ions  of the  world .
1 .  Labora tory  exper im ents  showed th a t  hydrogen su lf ide  w a s  antib io tic  
to  nematodes  a t  concen t ra t ions  a s  low a s  1 0  ppm. The action  of hydrogen 
su lf ide  a g a in s t  nem atodes  w a s  shown to  be dependent  on t ime of exposure  and 
concen t ra t ion .
2 .  Concen t ra t ions  of hydrogen su lf ide in rice  f i e ld s  in c reased  from 0 . 1  
ppm five to seven days  after flooding to  l e v e l s  varying from 1 0  to 4 5  ppm at 
the  end of the  s ea s o n .
3 .  Decline in nematode numbers w a s  re la ted  inverse ly  to the  r i s e  of 
hydrogen su lf ide  concen t ra t ions  throughout the  s e a s o n .
4 .  P la n t  p a ra s i t i c  nematodes  were  more s u scep t ib le  to the  action  of 
hydrogen su lf ide  than all ty p es  of nematodes  combined.
5 .  Colon ies  of su l fa te  reducing bac te r ia  (Desulfovibrio s p . )  were  i so la ted  
from rice  f i e ld s .
6 . The p re sen ce  of hydrogen su lf ide  in rice  f i e ld s  i s  connec ted  with the  
a c t i v i t i e s  of su l fa te  reducing b a c te r ia ,  the  action  of organic  a c id s  on su l f ides  
and  the  anaerobic  decomposit ion of p ro te in s .
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7 .  The action  of weak organic  a c id s  on inso lub le  su l f ides  w a s  demon­
s t ra ted  in the laboratory to provide a  mechanism for the  continuous  production 
of hydrogen sulf ide;  t h i s  w a s  p o s tu la ted  to occur  in rice  f i e ld s .
8 . T h e se  r e s u l t s  afford the  f i r s t  example of a  b ro a d -sca le  fie ld  control 
of nematodes  by a n t ib io s i s .
9 .  Nematodes were  not a f fec ted  by th e  a b se n c e  of oxygen when exposed  
to a tm ospheres  of hydrogen, nitrogen and carbon d ioxide .
1 0 .  Oxygen supplied  to the  soil by rice  roots  c r e a t e s  aerobic  condi t ions  
in the anaerob ic  environment tha t  may serve to  main ta in  nematode popu la t ions ,  
d e p re s s  the  ac t iv i ty  of anaerobic  bac te r ia  other than  Desulfovibrio s p . , and 
in terfere  with the  biological  e f f e c t s  of hydrogen sulf ide  on nematodes  and other 
o rgan ism s .
1 1 .  A c e t ic ,  propionic and  butyric a c id s  were  p re sen t  throughout the 
sea so n  in rice  f i e ld s .  Their  concen t ra t ions  averaged  in m . e .  per 3 0  gms of 
water  sa tu ra ted  soil:  a ce t i c  0 . 0 3 ,  propionic  0 . 0 0 2 ,  and butyric 0 . 0 0 0 9 .
Formic  ac id  w as  a b sen t  in rice f i e ld s .
1 2 .  C oncentra t ions  of a c id s  were h ig h e s t  1 5  to  2 0  days  after submergence .  
T h e s e  l e v e l s  declined  p rog res s ive ly  to in c rease  again  la te  in the  s e a s o n  and 
f ina l ly  show a  decl ine  before ha rves t .
1 3 .  Lower fa tty  a c id s  were  not e f fec t ive  a g a in s t  nematodes  a t  the  l ev e l s  
and hydrion co ncen t ra t ions  a t  which they  occurred in rice  f i e ld s .
1 4 .  S o i l s  amended with e a s i l y  decomposable  organic  matte r (corn meal)  
in the  labora to ry ,  produced butyric and propionic  a c i d s  at  concen t ra t ions  which
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rapidly  kil led  nematodes  after 9  days  of submergence .  Th is  i s  p o s tu la ted  to 
occur in s o i l s  rich in fermentable  organic  mat te r .  T h e se  s o i l s  are  not found in 
the  L o u i s ia n a  rice  a r e a .
1 5 .  Corre la tion co e f f ic ien t s  be tween concen t ra t ions  of a ce t ic  and pro­
p ion ic ,  a ce t i c  and butyric a c id s  in rice  f i e ld s  were  highly s ign if ican t  at  the
1 per c en t  level of probab i l i ty ,  sugges t ing  p o s s ib le  in te rconvers ions  of the  
a c i d s .
1 6 .  The dec l ine  in concen t ra t ions  of a c e t i c ,  propionic  and butyric a c i d s ,  
when added to  sa tu ra ted  r ice  s o i l s ,  w as  d i rec tly  re la ted  to the i r  molecular  w e ig h t s .
1 7 .  Organic a c id s  were  in h igher con cen t ra t io n s  at  0  to  1 / 2  inch than  at 
1 / 2  to 4 . 3  in ch es  soil depth in r ice  f i e ld s .
1 8 .  Organic a c id s  in the  flood w a te r s  of r ice  f ie lds  were th o se  p resen t  
in the  so i l ,  a t  approximately 1 / 1 5  of the  soil co n ce n t ra t io n s ,  and the  ev idence  
s u g g e s t s  tha t  they or ig inated from the  soil by diffusion into the  w a te r .
1 8 .  F iv e  s p e c i e s  of c lo s t r id i a  were i so la ted  from rice s o i l s  c o n s i s t e n t ly  
throughout the  season :
C l . ace tobuty l icum.
C l . amylosaccharobuty lpropyl icum.
C l . butylicum.
C L  butyricum.
C L  pas teu r ianum .
Clostridium roseum w a s  i so la ted  only once from one f ie ld .
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